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Telephone: (415) 347-9521

February 20, 1978

Mr. Philip LaRochelle, AEM-100
Pederal Aviation Administration
800 Independence Avenue, S.W.

Dear Phil: = —

Attached are copies of viewgraphs presented to the Denver
Stapleton Task Force concerning the impact of the closure
of Punway 8R-26L on aircraft delay. Should you desire
additional information, please let me know.

Sincerely,

Stephen L. M. llockaday
Manager

SLMH/jc
Enclosures

bcc: TFD Correspondence
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PRELIMINARY DELAY ANALYSIS STEPS

EsTasLIsH Demanp IN EacH Hour
EsTABLISH DEMAND PROFILE WITHIN HOUR
CoMPUTE CAPACITY IN EacH Hour
CompuTe DeLays In EacH Hour

CALCULATE DAILY DELAYS
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DeLay INCREASES DUE To CLOSIRE OF RUNWAY 8R-26L

§ (MINUTES/AIRCRAFT)
RUNWAY AugusT 1977 DEMAND LESS 147
2 Use Peak Hour DAILY
A 4,5 2.b
B oy 5 40,6

C 1.2 - 0.7

i T TP, g




( DELAY INCREASEs Due To CLOSURE OF Runway 8R-26L
! (MINUTES/ATRCRAFT)

-

, RUNWAY AucusT 1977 Demanp prus 10%
' Use Peak Hour DarLy ;
]
’ |
A 46,0 43,1 g
B 127.6 120.1 |
C 2.3 1.6 |
|
3
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;
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DeLay INcReAses Due To CLOSURE OF RUNWAY 8R-26L

(MINUTES/AIRCRAFT)
RUNWAY AucusT 1977 DEMAND
Use PEAK HOUR DAILY
A 17.3 11.9
B 106.8 93,8 -

C 1.7 1.2




Telephone: (415) 347-9521

February 20, 1978

Mr. Philip LaRochelle, AEM-100
Federal Aviation Administration
300 Independence Avenue, S.W.
Washington, D.C. 20591

Dear Phil: 1

T T T T e e

ollowing up on our discussion at the Denver Task Force
meeting on February 3, 1973, attached is a breakdown of
: arrival and departure aircraft delays for the Denver

; erperiments concerning the closure of Runway 8R-26L. If
you have any questions, please lot me know.

Sincerely,

Stephen I., !. Hockaday
Manager

SL.H/jc
—nclosure

ce: lixr, Fred Jaeger |

bcc: lMr. Herb Hubbard, UAL
| TFD Correspondence f
; H. Fan ‘

C e T MR T




Attachment

Arrival/Departure Delay Increases Due to
Closure of Runway 8R-26L

Delay Increase (Minute/aircraft)

August 1977 Demand August 1977 Augqust 1977 Demand

runway Operation less 14% Demand plus 10%
Use Type Peak Hour Daily Peak Hour Daily Peak Hour Daily
r? Arrival 4.0 2.7 14.6 11.5 44.7 47.1
Departure 4.7 2.6 17.5 12.3 41.8 41.4
B Arrival 36.5 37.6 78.7 80.6 109.4 111.8
Departure 49,2 49.8 107.0 108.3 127.5 129.4
C Arrival 1.0 0.9 1.3 1.4 1.0 1.8
Departure 0.9 0.5 1.3 0.9 1.5 1.4
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@ PO, BOX 8007 ¢ SAN FRANCISCO INTERNATIONAL AIRPORT o SAN FRANCISCO, CALIFORNIA 94128 ¢ PHONE {ars) 347-982}




PeaT. MARwWICK, M1TCEELL & CO.
P. 0.BOX B8OO7
SAN FRANCISCO INTERNATIONAL AIRPORT
SAN FRANCISCO, CALIFORNIA 54128

Telephone: (415) 347-9521
March 2 1978

Mr. Phillip J. LaRochelle AEM-100
Federal Aviation Administration
800 Independence Avenue, S.W.
Washington, D.C. 20591

Re: Input Data for Stapleton Model Calibration and
Delay Experiments

Dear Phil:

Enclosed are some data materials that I plan to hand out
at the second Stapleton Task Force meeting on March 7
1978:

° Attachment A contains the preliminary
calibration data package. Additional
data is required from NAFEC and the
Task Force to complete this package

o Attachment B contains a preliminary
description of the inputs to be changed
for each simulation model delay experi-
ment.

° Attachment C contains the preliminary
annual delay baseline data package.

o Attachment D contains a preliminary
description of the inputs to be changed
for each annual delay experiment.

o Attachment E contains a list of
additional delay experiments
discussed at the previous Task
Force meeting.
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Mr. Phillip J. LaRochelle
March 2, 1978

Each of these attachments contain information that should be
reviewed, revised, and approved by the Stapleton Task Force
prior to use in model runs.

After the descriptions in attachments B and D have been
approved by the Task Force, we will prepare complete data
packages for each experiment.

Sincerely,
Stepﬁéﬁ’ff’gfﬂﬂockaday
Manager

S1MH/nbe

Enclosure

cc: Mr. J. R. Dupree (ALG-31l2)
Mr. F. Jaeger (ARM-4)




Attachment A

PRELIMINARY CALIBRATION DATA PACKAGE

STAPLETON INTERNATIONAL AIRPORT

Airport Improvement Task Force Delay Studies

Peat, Marwick, Mitchell & Co.

March 7, 1978




INPUT DATA

' a. LOGISTICS
' l. Title: Stapleton International Airport Airfield
Simulation Model Calibration Run

l 2. Random Number Seeds: 2017, 3069, 4235, 5873, 6981,
7137, 8099, 9355, 0123, 1985,

]
’ 3. Start and Finish Times: To be based on reduced field
data.

Summary run for ten random number seeds.

i

t 4. Print Ovtions: Detailed run for one random number seed.
|

1

5. Airline Names: Name : Code

» ! Rocky Mountain RM
! Aspen AS
United UA

Braniff BN

Western WA

Continental co

Trans World ™

Ozark 0}

Delta DL

North Central NC

Texas International TI

Frontier FL

Third Level Carriers TL

6. Processing Options: First run to check model input.
Other runs in COMPUTE mode.

7. Truncation Limits: +3 standard deviations.

8. Time Switch: To be based on reduced field data.

b. AIRFIELD PHYSICAL CHARACTERISTICS

9. Airfield Network: See separate drawing.

10. Number of Runways: To be based on reduced field data.

l 1l. Runway Identification: To be based on reduced field data.




12,

13.

14.

15.

16.

Runway Crossing Links:

field data.

Exit Taxiway Location:

data.

Holding Areas:

Airline Gates:

To be based on reduced

To be based on reduced field

To be based on existing airfield
configuration and only those exits

used during field data collection
for calibration.

Holding for two aircraft in area south of
Concourse B (Taxiway C3/Dl1 between

Runway 7 and Runway 8L).

All additiocnal

holding will be assumed to occur north of
Concourse D in hangar area.

Airline

Rocky Mountain.”

Aspens”

United

Braniff+~

Western

Continentalv”

Trans World .

Ozark v

Delta~

North Central ,

Gates

A-Olp A-Oz ’

A-03W

A-04, A-06

? (C A-05, A-07>
= ’

=11,

B-17,
B-06 ’
B-12'
B-18

B-Ol I3
B-05B
c=01,
cZo2,
Cc=08

Cc-07,
Cc-15,
C-14,

D-Ol ’
D-07,

D=-15,

D=-32

B—Oz’
3-08 ’
B-l4’

3-03 ?

C03,
c=04,

C-09 I3
c-10,
C-16

D-O3 r
D-09,

D-17

A-03E'

B-07,
B-15,
B-04,
B-10,
B-16,

B-OSA,

Departure Runway End Links:




— n— — - - L D —

Texas International — p-30, D-28, D-26

Frontier D-34, D-24, D-22,
p-20, D-18, D-16,
p-14, D-12, D-10,
D-08, D-06, D-04, ,
D-02 ;

Third Level Carrier Cargo area by
Concourse A

17. General Aviation Basing Areas:
Name Basing Rrea Code

Combs Aviation S & GC

Beechcraft Aviation o ss GB

Atlas Aviation L s GA

LQAac oy or n
C. ATC PROCEDURES

3

18. Aircraft Separations: These values are based on capacity

model data--may be revised as a
result of reduced field data.

Arrival-Arrival Separation (n.m.) - All cases except

as noted.
l. VFR
Trail Aircraft Class SN
2 B c_ D_ /@.
<
Lead A 1.4 _2.3 2.8 2.9 o.s %
Aircraft B 1.4 -.2.4> 3.2 3.4 c. M
Class C 1.9 3.0 -3.6v/3.6 v o.2
D 3.7 5.1 4.5 4.3 o .
2. IFR
Trail Aircraft Class
A B C D
Lead A 3.0 3.0 3.0
Aircraft B 3.0 3.0 3.2
Class C 4.0 4.0 3.6
D 6.0 6.0 5.0




i Departure-Departure Separations (seconds)
} 1. VFR
Trail Aircraft Class
A B C D
| Lead A 45 45 38D ss
Aircraft B 50 50«s 60/ 60 &
Class C S§5Se BQs _ 60V 60V Y
l D 120, 120 TIsQ 100
log
. 2. IFR ]
I Trail Aircraft Class ;
A B C D '
| lead A 60 60 60 60
Aircraft B 60 60 60 60
Class C 60 60 60 60
' D 120 120 120 100
19. Route Data: See Figure 1. i
20. Two-Way Path Data:
Two-way taxiways are located as follows:
1. Taxiway C2 between Runway 8L and apron taxiway
to south of Concourse B.
2. Taxiway C3.
‘ 3. Taxiway C4.
4. Apron Taxiway to south of Concourse B.
| 5. Apron Taxiway between Concourse B and Concourse C.

' 6. Apron Taxiway between Concourse C and Concourse D.

21. Common Approach Paths:

Arrival Aircraft Length of Common
Runway Class Approach Path
25 A 1.0
26R A 3.0
B 3.0
o 5.5
D 5.5
26L A 5.5
B 5.5
o 5.5
D 5.5
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22,

23.

24.

25.

26'

27.

Vectoring Delays:

This input normally allocates delays among vectoring and
holding. With profile descent at. Stapleton, holding
occurs rarely, if ever.

Model input values will be used that preclude holding
for arrival aircraft.

Departure Runway Queue Control:

Departure gueue length

Departure for diversion to
Runway alternative runway
35L (Air Carrier) 5 (then divert to 35R)
35R (Air Carrier) No diversion
26R (GA) No diversion

Gate Hold Control:

Hold aircraft at gate when departure queue at runway is
10 or more.

Departure Airspace Constraints:

Aircraft are not held at gate due to departure airspace
constraints. Flow control constraints from other Centers
do not normally occur.

Inter-Arrival Gap:

With this runway use, arrival aircraft are not delayed in
the arrival airspace to release departures.

Runway Crossing Delay Control:

Arrival and departure runway operations are only inter-
rupted for a taxiing aircraft to cross an active runway
when the taxiing aircraft is delayed by 5 minutes or

more.,




d. AIRCRAFT OPERATIONAL CHARACTERISTICS
28. Exit Taxiway Utilization:
Exit Utilization (percent)
A/C 20 ECY IS4 3Se 23S 358 355
Class C-8 Cc-7 C-5 C-4 C-3 (-2 End
Runway % A )Y M= I0°
26L % B 33 8T S4 1= 3y
D 25  BlSe MNs5o %
a/C 247 218 3le 21 s
Class D-3 D=2 C-4 D-1 C-3 End
Runway A $44e TITESE
26R B BN Ylas 1T Y
c 732 3947 39 7.
D ~2Q 45 3S§loo
A/C 2R
Class D-3 End
Runway A 100
25 B 100
29, Arrival Runway Occupancy Times:
_______Runway Occupancy Time (seconds)
A/C 3ISe Y IS4- ISl 154 1Se =9
Class C-8 c-7 C-5"C=4-> C=3 C-2 End
Runway A e WL L°
26L B 38 51 4s o N
o 35 B4 BQS4+ 685
D 52 6251 TQw 76
A/C 347 s kA s I Aag
Class D-3 D=2 C-4 D-1 C-3 End
Runway A 2637 65
26R B 2q 56 36 ;3 bi -
o] 3931 47 IS
D 9, “sQ 5N \6‘\1/
0




A/C B3

Class D=3 End
Runway A 45
25 B 40

30. Touch & Go Occupancy Times:

; Aircraft Runway Occupancv Time (seconds)
: Class Mean Standard Deviation
A 22 b S
B 23 L3
c 27 N2
D 27 L

31. Departure Runway Occupancy Times:

Aircraft Runway Occupancy Time (seconds)
Class Mean Standard Deviation
A 23 8 3
B 26 8 3
C 37 | ¢
D 37 8 «

32. Taxi Speeds: To be based on reduced field data.

33. Approach Speeds:

Aircraft Approach Speed (Rnots)
Class Mean Standard Deviation
A 100 10
B 135 10
of 155 10
D 160 10

34. Gate Service Times: To be supplied by Task Force.

35. Airspace Travel Times: To be based on reduced field

data.
36. Runway Crossing Times: To be based on reduced field

‘ data.
l 37. Lateness Distribution: To be supplied by Task Force.

38, Demand: To be based on reduced field data.




OUTPUT DATA

Flow Rates: To be based on reduced field data.

Delavs: To be based on reduced field data.

Travel Times: To be based on reduced field data.

—
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Figure 1
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Attachment B

PRELIMINARY DESCRIPTION OF INPUTS TO BE CHANGED
FOR SIMULATION MODEL DELAY EXPERIMENTS

STAPLETON INTERNATIONAL AIRPORT

Airport Improvement Task Force Delay Studies

Peat, Marwick, Mitchell & Co.

March 7, 1978
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INPUT CHANGES FOR SIMULATION EXPERIMENT NUMBER ol

Inputs for this experiment are identical to inputs for

‘calibration run s except as
indicatsd below.
NEAR= ATC
SIMULATION MODEL INPUTS Sheps | DEMAND I%ﬁg?' T A
a. logistics o
1 Title | ] b
2 Random pumber seeds 2
3 Start and finish times B 3
4 Print options | | ‘
S Airline names B 5
§ Processing options 6
7 Truncatioan limits 7
8 Time switch 8
B. Airfield Physical Characteristics
9 Airfield network 9
10 Number of runways 10
11 Runway identification 11
12 Departure runway end links 12
13 Runway crossing links 13
14 Exit taxiway location 14
15 Holding areas 15
16 Airline gates | | 16
17 General aviation basing areas 17
€. ATC Procedures
18 Aircrafc separations B | ] 18
19 Route data [ | 19
20 Two-way path data | | 20
21 Common approach paths 21
22 Vectoring delays 22
23 Departure runway queue control 23
24 Gate hold control 24
25 Dpeparture airspace constraints 25
26 Departure gueue 26
27 Runway crossing delay control 27
d. Aircraft Operational Charactaristics
28 Exit taxiway utilization | 28
29 Arrival runway occupancy times 2 29
30 Touch-and-go runway OCCupancy times 30
31 Departure runvay occupancy times N
32 Taxi speeds 32
33 Approach speeds 33
34 Gate service times B 34
35 Airspace travel times 3s
" 36 Runway crossing times 16
37 Lateness distribution 37
38 Demand ]| 38

S —— e e e e
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indicated below,

except as

1nputs toérehil c:piiin;;i are identical to L;butu for
bwbvend experiment aumber

SIMULATION MODEL INPUTS mg: DEMAND &E‘:ngn_ sggzx :‘g?uuga
MENTS SCENARIOS
a. logistics
I Title B 1
2 Random number sesds 2
3 Start and finisb times . 3
4 Print options 4
S Alirline namas H
§ Processing options 6
7 Truncation limits 7
8 Time gwitch 8
b. Airfield Phvsical Characteristics
9 Airfield network 9
10 Number of runways 10
11 Runway identification 11
12 Departure runway end links 12
13 Runway crossing links 13
14 Exit taxiway location 14
1S Holding areas 15
16 Airline gates 16
17 General aviation basing areas 17
S. ATC Procedures
18 Aircraft separations H 18
19 Route data 19
20 7Two-way path data 20
21 Common approach paths 21
22 Vectoring delays 22
23 Departure runway queue control 23
24 Gate hold control 24
25 Deparsure airspace constraints 25
26 Deparczure gqueue 26
27 Runway crossing delay control 27
d. Aircraft Operational Characteristics
28 Exit taxiway utilization 28
29 Arrival runway occupancy times 29
30 Touch-and-go runway occupancy times 30
31 Departure runway occupancy times 31
32 Taxi speeds 32
33 Approach speeds 33
34 Gate service times 34
35 Airspace travel times 35
J6 PRunway crossing times 36
37 Lateness distribution 37
38 Demand || k1]
et ad




INPUT CHANGES FOR SIMULATION £ - |

Inputs for this experiment are identical to inputs for ' ]
: experiment number 2 except as H

e e R A 1

indicated below.

|
NEAR- ATC J
SIMULATION MODEL INPUTS asps | pexano I‘Egé - SrsTen e |
a. logistics . J
! 1 Title | | 1
2 Random number seeds 2
3 Start and finish times 3 1
4 Print options 4
’ 5 Adirline names H i
6 Processing options 6 .
| 7 Truncation limits 7
8 Time switch 8
i
b. Airfield Physical Characteristics ;
9 Airfieléd network 9 ;
{ 10 Number of runways 10 !
1l Runway identification . 11
12 Departure runway end links : 12
13 Runway crossing links 13
i S 14 Exit taxiwvay location 14
15 Holding areas 15
16 Airline gates 16
17 General aviation basing areas 17
€. ATC Procedures
18 Aireraft separations || 18
19 Route data - 19
20 Two-way path data 20
21 Common approach paths || 21
22 Vactoring delays 22
23 Departure runway queue control 23
24 Gate hold control 24
25 Departure airspace constraints 25
26 Departure queue 26
27 Runway crossing delay control 27
d. Adircraft Operational Characteristics
28 Exit taxiway utilization B 28
29 Tival runway occupancy times [ | 29
30 Touch~and-go runway occupancy times 30
31 Departure runway occupancy times 3l
32 Taxi speeds 32
33 Approach speeds 33
34 Gate service times 34
35 Airspace travel times | | 3s
36 Runway crossing times 36
37 Lateness distribution 37
38 Demand |
!
e e e —r— prrr——g - . ;L"'—"'""' T e . i
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lnpgp t_o: this experiment are ideatical to inputs for

experimant number except as
indicated below.
NEAR~- ATC
SIMULATION MODEL INPUTS gs“gg DEMAND I%gg‘f' sgiﬁos zzwgieu'trza
a. logistics
1 Title B 1
2 Random number seeds 2
3 Start and finish times 3
4 Print options 4
5 zline pames 5
6 Processing options 6
7 Truncation limits 7
8§ Time switch 8
b. Airfield Physical Characteristics
9 Airfield nstwork 9
10 Number of runways 10
11 Runway identification n 11
12 Departure runway end links [ | 12
13 Runway crossing links - | 13
14 Exit taxiway location R 14
15 Holding areas B 1
16 Airline gates 16
17 General aviation basing areas 17
€. ATC Procedures
18 Aircraf: separations n 18
19 Route data | | 19
20 Two-way path data | | 20
21 Common approach paths B 21
22 Vectoring delays 22
23 Departure runway queue control | 23
24 Gate hold contrel m 24
25 Departure airspace constraints 2%
26 Departure gusue 26
27 Runway crossing delay control 27
4. Aircraft Operational Characteristics
28 Exit saxiway utilization B 28
29 Arrival runway occupancy times || 29
30 Touch~and-go runway occupancy times 30
31 Departure runway occupancy times 31
32 Taxi speeds 32
33 Approach speeds 33
34 Gate services times 34
3% Airspacs travel times | | k11
36 Runway crossing times 36
37 Lateness distribution
38 Demand |




- 1sputs for this experimant are identical to inputs for
esehpesteew=ren ¢XParident number SXCepPT A,
indicated below.

NEAR- ATC
' SIMULATION MODEL INPUTS mg; DEMAND Igg'é‘g‘ sggzgos ;z:svzg
a. logistics
‘ 1 Title | | 1
2 Random number seeds 2
3 Start and fizish times 3
4 Print options 4
S Airline names S
6 Procassing options 6
7 Truncation limits 7
8 Time switch 8
b. Airfield Phvsical Characteristics
4 9 Air;i:d network 9
10 MNumber of runways lo
11l Runway identification 11
12 Departure runway end links 12
13 Runway crossing links 13
14 Exit taxiway location 14
15 BHolding areas 15
16 Airline gatas 16
17 General aviation basing areas 17
c. ATC Procedures
18 Aircraft separations | ] e
19 Route data 15
20 Two-way path data 20
21 Common approach paths 21
22 Vectoring dalays 22
23 Departure runway queue control 23
24 Gate hold control 24
25 Departure airspace conszraints 25
26 Departurs gueue 26
27 Runway crossing dalay control 27
4. Aircraft Overational Characteristics
28 Exit taxiway utilization 28
29 Arrival runway occupancy times 29
30 Touch-and~go runway occupancy times 30
31 Departure runway occupancy times 3
32 Taxi speeds 32
33 Approach speeds 33
34 Gate service times 34
35 Airspace travel times n 35
36 Runway crossing times 36
37 lateness distribution 37
33 Demand 38
T TS ———
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Inputs for this experiment are identical to inputs for

I restatupweTres ¢ XPEI1lBSNt number except as
indicated below.
' SIMULATION MODEL INPUTS sTUDY DEMAND TERY srieew | TVPUT
CASES P Rac. [scrnamzos| NUMBER
a. logistics
1 Title . | ] b
2 Random numbar seeds 2
3 Start and finish times 3
4 Print options 4
5 Airline namas H]
6 Processing options é
7 Truncation limits 7
8 Time switch ' 8
B. Airfield Physical Characteristics
9 Airfield network | | 9
10 Number of runways 10
11 Runway identification 12
12 Departure runway end links 12
13 Runway crossing links 13
14 Exit taxiway location B 14
15 Holding areas 1s
16 Airline gates 16
17 General aviation basing areas 17
€. ATC Procedures
18 Aircraft separations 18
19 Route data n 19
20 Two~way path data [ ] 20
21 Common approach paths 21
22 Vectering delays 22
23 Departure runway queue control 23
24 Gate hold control 24
25 Departure airspace constraints 2%
26 Departure quesue 26
27 Runway crossing delay control 27
d. Aircraft Operational Characteristics
28 Exit taxiway utilization B 28
29 Arrival runway occupancy times B 29
30 ~Touch-and-go runway occupancy times 30
3l Departure Iunway occupancy times 3
12 Taxi speeda 32
33 Approach speeds 33
34 Gate service times 34
35 Airspace travel times 3s
36 Runway crossing times 36
- 37 Latenass distribution 37
38 Demand 38
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. Inputs for this experiment are identical to inputs for
; . -ossssewsbew-wves cxperiment number __] except as
! indicated below.

NEAR- ATC
' SIMULATION MODEL INPUTS oASEs DEMAND n‘!'églé‘sm_ Srsm T
a. logistics .
' 1 Title ] 1 .
2 Random pumoer seeds 2 " ;
3 Start and finish times 3 ’
l 4 Print options 3 4
5 Airline names 5
i 6 Processing options 6
7 Truncation limits 7
8 Time switch 8
b. Airfield Phvsical Characteristics
9 Airfield network 9
10 Number of runways 10
1l Runway identification 1
12 Departure zunway end links 12
13 Runway crossing links 12
14 Exit taxiway location 14
15 Holding areas . 15
16 Airline gates 16
17 General aviation basing areas 17
€. ATC Procedures
18 Aircraft separations 18
i 19 Route data 19
20 Two-way path data : 20
{ 21 Cormon approach paths s
22 Vectoring delays 22
2) Departure runway cueue control 23
24 Gate hold contrel 24
25 Departure airspace constrain:s 25
26 Departure queue 26
27 Runway crossing delay control 27
d. Aircraft Operational Characteristics
28 Exit taxiway utilization 28
29 Arrival runway occupancy times 2
30 Touch~and-go runway OCCuUpancY times 30
J1 Departure runway ocCupancy tines 3
32 Taxi speeds 32
33 Approach speeds 1
34 Gate service tines 34
1S Airspace travel times s
36 Runway crossing times 36
317 Lateness distribution 7
38 Demand | | . 38
D e
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Inputs for this experiment are identical to inputs for
SePEePtsyYw=Ten ¢XPeIlnent nNumber 2 except as
indicated bslow.

NEAR- ATC
SIMULATION MODEL INPUTS aons DEMAND Ig:ggg;?_ ST T
a. Logistics T
| 1 Title ] 1
2 Random number seeds 2
3 Sscart and finish tines 3
l 4 Print options 4
S Airline namas 5
6 Processing options 6
' 7 Truncation limits 7
8 Time awitch 8
' b. Airfield Phvsical Characteristics
9 Airfield network 9
' 10 Number of runways 10
1l Runway identification 11
12 Departure runway end links 12
I 13 Runway crossing links 13
14 Exit taxiway location 14
; 15 dolding areas 15
16 Airline gates B 16
17 General aviation basing areas 17
€. ATC Procedures
18 Aircraft separations 18
19 Route data 19
20 Two~way path data 20
21 Common approach paths h 21
22 Vectoring delays 22
23 Departure runway queue control 23
24 Gate holéd control 24
25 Departure airspace constraints 25
26 Deparzure gqueue 26
27 Runway crossing delay control 27
d. Aircraft Operational Characteristics
28 Exit taxiway utilization 28
29 Arrival runway occupancy times 29
30 Touch-and-go ~unway occupancy =ines 30
31 Deparzure runway oCCupancy Zz.mes 33
32 Taxi speeds N
33 Approach sveeds 33
34 Gate service times e
35S Airspace travel times %
l 36 PRunway crossing times 3¢
37 Lateness distribution 3°
J8 Demand B 39
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' l ~ Inputs for this exberiment ars identical to inputs for
aewssseteewsren ¢Xperiment nunber _1_ except as
indicated below. e
' SIMULATION MODEL INPUTS STUDY DEMAND TERY svagem | INPUT
CASES Iﬂégg\s&- SCENARIOS NUMBER
a. logistics
1 Title B 1
42 Random number Seeds 2
3 Start and finish times 3
4 Print options 4
5 Airline namas H
6 Processing options 6
7 Truncation limits 7
8 Time switch 8
b. Airfield Phvsical Characteristics
9 irfield natwork 9 i
10 Number of runways 10
11 Runway identification 1l
12 Departure runway end links 12
13 Runway crossing links 13 .
14 Exit taxiway location 14
15 Holding areas 1s
16 Airline gates ] 16
17 General aviation basing areas 17
€. AZC Procedures
18 izeraft separations 18
b3 Route data 19
20 Two-way path data 20
21 Common approach paths 21
22 Vectoring delays 22
23 Departure runway gueue control 23
24 Gate hold contrel 24
25 Departure airspace constraints 25
26 Departure queus 26
27 Runway crossing delay control 27
d. Aircraft Overational Characteristics
28 Exit taxiway utilization 28
29 Arrival runway occupancy times 29
30 Touch-and-~go runway OCcupancy times 30
11 Departuras runway occupancy times : kDY
32 Taxi speeds 32
33 Approach speeds a3
34 Gate service timas 34
35S Airspace travel times 35
36 Runway crossing times 36
37 Lateness distzribution 37
38 Demand | 38

T A




? ) inputs tor‘ this experiment are identical to inputs for 4L &
e experiment nuwper _4 except as weather
indicated balow. .
) NEAR~ ATC
‘ SIMULATION MODEL INPUTS ggg; DEMAND [ TERM | sysTew ig:au:a
- | “dents | SCENARZIOS
a. logistics
’ 1 Title ] 1
2 Random number saeds . 2
3 Start and finish times 3
' 4 Print options 4
5 Airline panes S
6 Processing options 6
' 7 Truncation limits 7
8 Time switch 8
' b. Aizfield Phvsical Characterisctics
9 Airfield network 9
' 106 Number of runways 10
1l Runway identification 11
12 Departure runway end links 12
13 Runway crossing links 13
14 Exit taxiway locatioen 14
15 Holding areas * 15
16 Airlir. gates 1s
17 Ganeral aviation basing areas 17
€. ATC Procecdures
18 Aircraft separations || 18
19 Route data 19
20 Two-way path data 20
21 Common approach paths 21
22 Vectoring delays 22
23 Demarture runway gueue control 23
24 Gate hold control 24
25 Departure airspace constraints 25
26 Departure gueue 26
27 Runway crossing delay cantrol . 27
d. Aircraf: Operational Characteristics
28 Exit taxiway utilization | | 28
29 Arrival runway occupancy times | | 29
30 Touch-and-go runwvay OCCuUpancy times 30
31 Departure runway OCCuUpancy times 31
32 Taxi speeds | 32
33 Approach speeds 33
34 Gate service times 34
35 Airspace travel times ] 35
, 36 Runway crossing times | | 36
37 lLateness distribution 37
l 38 Demand n 38
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Inputs for this experiment are identical to inputs for
CEPTSSGtEew—pmy SXDEr NN Number l except as
indicated below.

SIMULATION MODEL INPUTS STUDY DEMAND TERM s?giw INPUT
CASES Iggg\sﬁi- SCENA;.IOS NUMBER
a. Llogistics
1 ritle ] 1
2 Random number seeds 2
3 Start and finish times 3
4 Print options 4
5 Airline names H
6 Procsssing options [
7 Truncation limits 7
8 Time switch 8
| 2 Aizfield Phvsical Characteristics
' 9 Aizfield network 9
10 Number of runways R ]
[ 11 Runway identification B 11
12 Departure runway end links 12
13 Runway crossing links B 13
r 14 Exit taxiway location - | 14
15 Holding areas B 18
L 1 16 Airline gates 16
! 17 General aviation basing areas 17
!
| &. ATC Procedures ]
' 18 Aircraft separations H 18
19 Route data [ - | 19
{ L 20 Two-way path data - ] 20
21 Ccommon approach paths | - | 21
|_. 22 Vectoring delays 22
I 23 Departure runway queue control 23
1 24 Gate hold control 24
P { 25 Departure airspace constraints 25
!‘ i 26 Departure gqueue 26
‘; 27 Runway crossing delay control 27
i
|
' d. Aircraf: Operational Characteristics
28 Exit taxiway utilization | - | 28
l 29 Arrival runway occupancy times | 29
30 Touch-and-go runway ocCupancy times 20
N 31 Departure runway OCCUPancy Stimes 31
[ 32 Taxi speeds 32
) 33 Approach speeds 33
L—k 34 Gate service tives 34
| 3S Airspace travel times | 15
36 Runway crossing times 36
l 37 Lateness distribution 37
o 18  Demand ™ )
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INPUT CHANGES UK DSuinvaneawe men

Inputs for this experiment are identical to inputs for

PSCOUShpPWwTER XPerlinent numoer 4

indicated balow.

except as

y =

| =

NEAR~ ATC o
SIMULATION MODEL INPUTS At DEMAND z‘%gg?_ SysTEn A
logistics
1 7Title | | 1
2 Random number seeds 2
3 starz and finish times 3
4 Print options 4
S5 Adrline names 5
6 Processing options 6
7 Truncation limits 7
8§ Time switch 8
b. irfield Phvsical Characteristics
9 Airfield network 9
10 Number of zunways 10
11 Runway identification 11
12 Departure runway end links 12
13 Runway c¢rossing links 13
14 Exit taxiway locatien 14
15 Holding areas 15
16 irline gates 16
17 General aviation basing areas 17
€. ATC Procedures
18 Aircraft separations 18
19 Route data 19
20 Two-way path data 20
21 Common approach paths 21
22 Vectoring delays 22
23 Departure runway gueue control © 23
24 Gate hold control 24
25 Departure airspace constraints 25
26 Departure gueue 26
27 Runway crossing delay control 27
Aircraft Operational Characteristics

28 Exit taxiway utilization 28
29 rival runway occupancy times 29
30 Touch-and-go runway occupancy times 30
31 Departure runway occupancy tines 31
32 Taxi speeds 32
33 Approach speeds a3
34 Gate service times 34
35 Airspace travel times 35
36 Runway crossing times 36
37 Lateness distribution 3
38 Demand | | k1
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INPUT CHANGES YOR SIMULATLIUN LAFLRLMENT NUMBER __ 20
' Inputs for this experiment are identical to inputs for
' ebtsactoweren eXperiment number _li_ except as
indicated below.
‘ SIMULATION MODEL INPUTS STUDY oEown | TERA systew | INPUT
CASES I.';I‘.;gg\slﬁ- SCENARICS NUMBER
. Togistics
% _' 1 Title B 1
Random number seeds 2
-—,- . Start and finish times 3
; j 4 Print options 4
H line names 5
i 6 Processzing options 6
) l 7 Truncation limits 7
) 8§ Time switch 8
;_ ' irfield Phvsical Characteristics
i 9 airfield network 9
i ' 10 Number of runways 10
- 1l Runway identification 11
o 12 Departure runway end links 12
° Runway crossing links 13
’ —- Exit taxiway location 14
. 15 Holding areas 15
) 16 Airline gates 16
3 17 Genezal aviatiocn basing areas 17
{]
;_ ATC Procedures
18 Aircraft seaparations 18
i 19 .Route data 19
’ 20 7Two-way path data 20
tommon approach paths 21
i ‘24 Vectoring delays 22
23 Departure runway queue control 23
- 24 Gate hold control 24
f i 25 Dsoarture airspace constraints 25
: 26 Departure gueue 26
g - 27 Runway crossing delay contzol 27
E . | izcraft Overational Characteristics
f 128 mxt taxiway utilization B 28
i 29 Arzrival runway occupancy times || 29
- 30 Touch-and-go runway occupancy times 30
’ 31 Departure runway occupancy times 31
T ax speeds ] 32
e Approach sveeds 33
) 34 Gate ssrvice tines 34
) 35S Airspace travel times 35
Il BT Runway crossing times B 36
" 37 Lateness discribution 37
a8

'JB Demand
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Inputs for this experiment are identical to iaputs for

l experiment number _l.é_ axcept as
indicated below.
SIMULATION MODEL INPUTS STUDY DEMAND TERN sQicm, INPUT
‘ CASES TP ROVE" |scEnarios| NUMBER
a. Logistics
1 Title B 1
[ 2 Random number seads 2
3 Start and finish times 3
l 4 Print options 4
] 5 Airline names 5
6 Processing options 6
I 7 Truncation limits 7
| 8 Time switch 8
L' b. Airfield Phvsical Characteristics
9 Airfield network 9
‘ 10 Number of runways 10
{ 11 Runway identification 11
12 Departure runway end links 12
3 13 Runway crossing links 13
‘ I ) 14 Exit taxiway location 14
- 15 BHolding areas 1s
16 Aiczline gates 16
l 17 General aviation basing areas 17
f
| E: ATC Procedures
P 18 Aircraft separations 18
: 19 Route data 19
L 20 Two-way path data 20
' 21 Common approach paths . 21
22 Vectoring delays 22
23 Departure runway gueue control » 23
24 Gate hold control 24
25 Departure airspace constraints 25
26 Departure gqueue 26
l 27 Runway crossing delay control 27
L
d. Aircraft Overational Characteristics
i 28 Exit taxiway utilization B 28
| 29 Arrival runway occupancy times B 29
30 Touch-and-go runway occupancy times 30
I 31 Departure runway occupancy times 3l
L 32 Taxi speeds 32
‘ 33 Approach speeds 33
) 34 Gate services times k2]
35 Airspace travel times 35
r 36 Runway crossing times 36
. 37 Lateness distribution 37
i 39 Demand 38




Inputs for this sxperiment ares identical to inputs for

experiment number _LO except as
. indicated below.
SIMULATION MODEL INPUTS gg’s' DEMAND :g?‘}é;s_ stﬁm :::B":R
' MENTS SCENARIOS
a. logistics
1 Title | 1
2 Random number seeds 2
3 Start and finish times 3
4 Print optrions 4
S Adrline namas 5
6 Processing options 6
7 Truncation limits 7
8 Time switch 8
b, Airfield Phvsical Characteristics
9 Airfield network 9
10 Number of runways 10
11 Runway identification 11
12 Departure runway end links 12
13 Runway crossing links 13
14 Exit taxiway locaczion 14
1S Holding areas 15
16 Airline gatas 16
17 General aviation basing areas 17
€. ATC Procedures
18 Aircraft separations 18
19 Route data 19
20 Two-way path data 20
21 Common approach paths 21
22 Vectoring delays 22
23 Departure runway queue control 23
24 Gate hold control 24
25 Departure airspace constraincs 25
26 Departure queue 26
27 Runway crossing delay control 27
d. Aircraft Overational Characteristics
28 Exit taxiway utilization [ - | 28
29 Arrival runway occupancy times || 29
30 Touch-and-go runway occupancy times 30
31 Departure runway occupancy times 31
32 Taxi speeds 32
33 Approach speeds a3
34 Gate sarvice times 34
35 Airspace travel times 3s
36 Runway crossing times 36
37 Lateness distribution 37
38 Demand | 38
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indicated below.

except as

Inputs for this experiment are identjcal to inputs for
o . experiment number

SIMULATION MODEL INPUTS e DEMAND Eémﬁgv;- swsmEN e
MENTS  |SCENARIOS
a. logistics
1 Title | | 1
2 Randoa pumber jeeds 2
3 Start and finish times 3
4 Print options 4
5 Adrline pames H
6 Processing options 6
7 Truncation limits 7
8§ Time switch ]
b. Airfield Physical Characteristics
9 Airfield network 9
10 Number of runways 10
1l Runway identification 11
12 Dpeparture runway end links 12
13 Runway crossing links 13
14 Exit taxiway location 14
15 Bolding areas 15
16 Airline gates 16
17 General aviation basing areas 17
€. ATC Procedures
18 Aircraft separations | | 18
19 Route data . 19
20 Two-way path data 20
21 common approach paths 21
22 vectoring delays B 22
23 Departure runway gqueue control 23
24 Gate hold control 24
25 Departure airspace constraints 25
26 Departure gueue 26
27 Runway crossing delay control 27
d. Aircraft Operational Characteristics
28 Exit taxiway utilization 28
29 Arrival runway occupancy times 29
30 Touch-and-go runway occupancy timas a0
31 Departure runway OCCUpAncy times 3
32 Taxi speeds 32
33 Approach speeds 33
34 Gate service times 34
35 Airspace travel times | | s
16 Runway crossing times 36
37 Lateness distribution 37
38 pemand 38
Deletes profile descent
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INPUT CHANGES FOR SIMULATION EXPERIMENT NUﬁBER

Py

In?g;l for this experiment are identical to inputs for

TOGeBeLRPW=PYR 6XPeriment number axcept as
indicated below.
- -
NEAR- ATC
‘ SIMOLATION MODEL INPUTS SaoDY | oeManD LE!%%?_ Srsmen =
‘ a. Logistics
1 Title . || 1
2 Randam number seeds 2
' i 3 Start and finish times 3
4 Print options 4
S5 Airline names S
' 6 Processing options [
7 Truncation limits 7
' 8 Time switch 8
b. Airfield Physical Characteristics
' 9 aAirfield network 9
10 Number of runways i0
1l PRunway identification 11
12 Departure runway end links 12
13 Runway crossing links 13
14 Exit taxiway location 14
15 Holding areas 15
16 Airline gates 16
17 General aviation basing areas 17
€. ATC Procedures
18 Airzcraft separations B 18
19 Route data 19
20 Two-way path data 20
21 Common approach paths 21
22 Vectoring delays | 22
23 Departure runway queue control 23
24 Gate hold control 24
25 Departure aizrspace constraints 25
26 Departure queus 26
27 Runway crossing delay control 27
d. Aircraft Overational Characteristics
28 Exiz taxiway utilization 28
29 Arrival runway cccupancy times 29
30 Touch-and-go runway occupancy times 30
31 Departure Tfunway occupancy tinmes 31
32 “Taxi speeds 32
33 Aprroach speeds 3
34 Gats service tines 34
35 Airspace travel times | |
36 PRunway crossing times
37 Lateness distribution
38 Demand
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INPUT CHANGES FOR SIMULATION EXPERIMENT NUMBER 23

I Inputs for this experiment are identical to inputs for
e - experiment number _L| except as
indicated below.
I =
SIMULATION MODEL INPUTS SYSTEM
SCENARIOS
a. logistics .
' 1 Title ) || 1
2 Random number Seeds 2
! 3 Start and finish times 3
4 Print options 4
5 Adirline names 5
6 Processing options 6
7 Truncation limits 7
8 Time switch 8
3
. b. Airfield Phvsical Characteristics
] 9 Airfield network B 9
[ 10 Number of runways 10 |
‘ 11 Runway identification 11
12 Departure runway end links 12
13 Runway crossing links 13
'g 14 Exit taxiway location 14
15 Holding areas [ | 1S
16 Airline gates ’ 16
17 General aviation basing areas 17
¢. ATC Procedures
18 Aircraft separations 18
19 Route data A 19
20 Two-way path data B 20
21 Common approach paths 21
22 Vectoring delays 22
23 Departure runway gueue control 23
24 Gate hold control | 24
25 Departure airspace constraints 25
26 Departure queue 26
27 Runway crossing delay control 27
d. Adircraf:t Operational Characteristics
28 Exit taxiway utilization 28
29 Arrival runway occupancy times 29
30 Touch-and-go runway occupancy times 30
3l Departure runway occupancy times kDS
32 Taxi speeds
l 3] Approach speeds
34 Gate service times
I 35 Airspace travel times
36 Runway crossing times
37 Lateness distribution
l 38 Demand




A Inpgta 29: this experiment are identical to inputs for

experiment number _)  except as

indicated below.

‘ SIMULATION MODEL INPUTS SiSpe | DEMAND I%:%gvg_ sysTEn R
wENTS | SCENARIOS
a. logistics
‘ 1 Title B 1
2 Random pumber seeds 2
. 3 start and finish times 3
4 Print options 4
5 Airline names S
L l 6 Procesaing options (1
7 Truncation limits 7
' 8 Time switch 8
L é Airfield Physical Characteristics ] ‘ j
' 9 Airfield network || 9 ]
' 10 Nunber of runways 10
1l Runway identification 11 {
' 12 Departure runway end links - 12
i 13 Runway crossing links 13
14 Exit taxiway location 14
15 Holding areas || 15
16 Airline gates 16
17 General aviation basing areas 17
€. ATC Procedures
18 Aircraft separations 18
19 Route data | | 19
20 Two-way path data ] 20
21 Zommon approach paths 21
22 VvVectoring delays 22
23 Departure runway queue control 23
24 Gate hold control |- | 24
25 Departure airspace constraints 25
26 Departure queus 26
27 Runway crossing delay control 27
d. Aircraft Operational Characteristics E
28 Exit taxiway utilization 28
29 Arrival runway occupancy times T29
30 Touch-and-go runway occupancy times 30
| 31 Departure runway OCCUpancy tines 31
' 32 Taxi speeds 32
33 Approach speeds 33
7 34 Gate service times 34
' 35 Airspace travel times 35
36§ Runway crossing times 36
37 Lateness distribution 37
I 38 Demand a8
]
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Inputs for this experiment are identical to inputs for

- calibration run except as
indicated below.
SIMULATION MODEL INPUTS STUDY | pEMAND I%?n:;z‘ ovicEN Inpuz
MENTS SCENARIOS
\" - a. logistics
1 Title B 1
2 Random number seeds 2
3 Start and finish times B 3
4 Print options 4
; 5 Adrline names 5
6 rocessing options [
7 Truncation limits 7
8 Time switch 8
b. Airfield Physical Characteristics
9 Airfield network 9
10 Number of runways | 10
11 Runway identification 1
12 Departure runway end links 12
13 Runway crossing links - | 13
14 Exit taxiway location 14
15 Holding areas B 15
16 Airline gates 16
17 General aviation basing areas 17
€. ATC Procsdures
18 Aircraft separations B
19 Route data - |
‘ 20 Two-way path data | |
21 Common approach paths B
22 Vectoring delays
23 Departure runway queue control
24 Gate hold control
25 Departure airspace constraints
26 Departure gueue
27 Runway crossing delay contzol
4. Aircraft Operational Characteristics
28 Exit taxiway utilization - |
29 Arrival runway occupancy times .
30 Touch~and-go runway occupancy :imes
31 Departure runway occupancy timas
32 Taxi speeds
33 Approach speeds
34 Gate service times
35 Airspace travel times
36 Runway crossing times
37 Latenass distribution
38 Demand |
sk, oo i
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'{ l ' Inputs for this experiment are identical to inputs for
- calibration run - eXCept As
indicated balow.
' SIMULATION MODEL INPUTS STUDY DEMAND ¥§Q_ﬁ' Sgcm INPUT
: CASES natt” |scenarios| NUMBER
a. logistics
! 1 Title B 1
2 Random number seeds 2
3 Sstart and finish times . B 3
4 Print options 4
S5 Airline names H
6 Procassing options 6
7 Truncation limits 7
8 Time switch 8
b. Airfield Phvsical Characteristics
9 Airfield network 9 ‘
10 Number of runways B 10 ;
1l Runvay identification 11 |
12 Departure runway end links 12
13 Runway crossing links R 13
14 Exit taxiway location 14
15 Holding areas B 15
16 Airline gates 16
17 Ganeral aviation basing areas 17
€. ATC Procedurss
18 Aircraft separations | 18
19 Route data B 19
20 Two~way path data B 20 1
21 Common approach paths B 21
22 Vectoring delays 22
23 Departure runway gueue control 23
24 Gate hold control 24
25 Departure airspace constraints 25
26 Departure queue 26
27 Runway crossing delay control 27 j
d. Aircraft Operational Characteristics
28 Exit taxiway utilization B 28
29 Arrival runway occupancy times | | 29
30 Touch-and-go runway occupancy timas 30
31 Departure runway occupancy times a
32 Taxi speeds 32
33 Approach speeds a3
34 Gate service times 34
) 35 Airspace tavel times 35
‘ 36 Runway crossing times a6
37 Lateness distribution ) 37
l 38 Demand ] s




r ’ Inputs for this experiment are identical to inputs for ) . N
' I - experiment number _4 except as
indicated below.
NEAR~
' SIMULATION MODEL INPUTS nope DEMAND | TERM §§§§u o ries
wEywe | SCENARIOS
a. logistics .
' 1 Title [ ] .
2 Random numbar seeds 2
3 Start and finish times 3
4 Print options ¢
5 Airline names S
6 Processing options [
7 Truncation limi*s 7
8 Time switch 8 .
b. Airfield Phvsical Characteristics
9 Airfield network 9 ‘
10 Number of runways 1¢
11 Runway identification B i
12 Departure runway end links B 12
13 Runway crossing links ] 13
14 Exit taxiway location || 14
15 Holding areas B 15
16 Airline gates 16
17 General aviation basing areas 7
€. ATC_Procedurss
18 Aircraft separations | i
19 Route data | 19
20 Two-way path data B 20
21 Common approach paths 21
22 Vectoring delays 22
23 Departure runway gqueue control . 23
24 Gate hold control [ -1 24
25 Departure ajirspace constraints 25
26 Departure queue | | 26
27 Runway crossing delay control 27
4. Aircraft Operational Characteristics
28 Exit taxiway utilization 28
29 Arrival runway occupancy times 29
; 30 Touch—-and-go runway occupancy times 30
31 Departure runway occupancy times 31
32 Taxi speeds 32
33 Approach speeds 33
34 Gate service times 34
35 Airspace travel times B 38
36 Runway crossing times 3¢
37 Lateness distribution 37
38 Demand | 38




Inputs for this experiment are identical to inputs for
SaSysTAauewsTew SXPEriment NuUMber 31 except as
indicated below.

‘ SIMULATION MODEL INPUTS oron: | pEManp zgggv:- sverey e
mENTS | SCENARIOS
a. logistics
l 1 Title B 1
2 Random numper seeds 2
3 Start and fimish times 3
’ 4 Print options 4
5 Aizline names 5
' 6 Processing options [
7 Truncatiom limits -
8 Time switch 8
!
B. Airfield Phvsical Characteristics
9 Airfield network || 9
10 Number of runways 1¢
1l Runway identification 12
12 Departure runway and links 12
13 Runway crossing links 13
14 Exit taxaway location | | 14
15 Holding areas 15
16 Airline gates 16
17 General aviation basing areas 1?7
€. ATC Procedures
18 Aircratt separations 18
19 Route data | | 19
20 Two-way path data | 20
2l Common approach paths 21
22 Vectoring delays 22
23 Departure runway gqueue control 23
24 Gate hold control 24
25 Departure airspace constraints 25
26 Depariure gqueue 26
27 Runway crossing delay control 27
d. Aircralt Operational Character:stics
28 Exat taxaway utilization | 28
29 Arrival runway occupancy times | | 29
30 Touch-and-go runway occupancy timas 30
31 Departure runway OccCupancy -ines 31
32 Taxi speeds 2
13 Approach speeds 33
34 Gate service times 34
35 Airspace travel times 35 3
36 Runway crossing times 36 ‘
37 Lateness distribution 37
38 Demand kE:]




Inputs for this experiment are identical to inputs for
i experiment number ] except as

indicated bmlow.

¥ SIMULATION MODEL INPUTS . i DEMAND Y%;E%gv}:_ sterem T
‘ . TMENTS SCENARICS
[ a. logistics '
‘f 1 Title ] 2
; l 2 Random number seeds 2
3 Start and finish times 3
l 0 4 Print options 4
L 5 Airline names 5
>r 6 Processing options 6
I ! 7 Truncation limits 7
8 Time switch 8
|
IL 2. Adirfield Phvsical Characteristics ﬂ
- 9 Airfield network )
' 10 Number of runways 10
L ll Runway identification [ - | 11
' 12 Departure runway end links 12
13 Runway crossing links B 13
r 14 Exit taxiway location B 14
‘ 15 Holding areas | 15
L 16 Airline gates 16
[ 17 General aviation basing areas 17
L &. ATC Procecdures
‘ ] 18 Aircraft separations - | 18
19 Route data || 19
t L 20 “wo-way path data B 20
f ' 21 Common approach paths B 21
‘ 22 Vectoring delays 22
[ 23 Departure runway queue control 23
24 Gate hold control 24
L 25 Departure airspace constraints 25
' 26 Departure queue B 26
i 27 Runway crossing delay control 27
|
I d. Aircraft Operational Characteristics
28 Ixit taxiway utilizationm || 28
l 29 Arrival runway occupancy tines B 29
! 30 Touch-and=-go runway occupancy times 30
31 Departure runway occupancy times 31
L 32 Taxi speeds 32
33 Approach speeds 33
. J4 Gate service times 34
[ 35 Airspace travel times B 3s
' 36 Runway crossing times || 36
L 37 Lateness distribution 37
‘l 38 Demand ] 38
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PoneEPSbpyrran SXpPerlment
indicatad below.

except as

Inputs for this experiment are identical to inputs for
. numoer

R NEAR- -
‘ SIMULATION MODEL INPUTS STUDY | oEmand :%,:g-égs_ sggéi‘i;cs meur ;
a. logistics
1 Title | - | 1
i 2 Random numober seeds 2
. 3 Scart and finish times 3
‘ 4 Print options 4
S Adrline names 5
6 Processing optioas ]
. 7 Truncation limits 7
8 Time switch 8
! b, Airfield Phvsical Characteristics ) [
{ 9 airfield network 9
[ 10 Number of runways 10
11 Runway identification 12
12 Deparzure runway end links 12
13 Runway crossing links . | 13
14 Exit taxiway location 14
15 Helding areas 15
16 Airline gates 16
17 General aviation basing areas 17
c. ATC Procedures
18 Aircraft separations | 18
19 Route data B 19
20 Two-way path data |- | 20
21 Common approach paths B 21
22 Vectoring delays 22
23 Departure runway queue contzol | 23
24 Gate hold control 24
25 Departure airspace constraints 25
26 Deparsure gueue 26
i 27 Runway crossing delay control 27
d. Aircraft Operational Characteristics
l 28 Exit taxiway utilization | 28
29 Arrival runway cccupancy times || 29
30 fTouch-and-go runway occupancy times 30
' 31 Departure runway oCcupancy times 31
32 Taxi speeds 32
33 Appreoach speeds 33
' 34 Gate service times 34
35 Airspace travel times - | 35
' 36 Runway crossing times ] 36
37 Lateness distribution 37
38 Demand ] 38

[
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Inpuu for this experimant ars iden:xcal to inputs for
SELPTetyw—rwn ¢XPEIi0MNT Dumber ( except as
indicated below.

. NEAR- ATC
[ L SIMULATION MODEL INPUTS SToot | oevand I%;g-é‘sm_ ST T
. a. Logistics )
3 ! 1 Title K 1
L 2 Random number seeds 2
3 Start and finish times 3
i - 4 Print options ‘
, S Adzline names 5
. 6 Processing options 6
! 7 Truncation limits 7
i 8 Time switch 8
l_;:_. irfield Phvsical Charac:eristics
" 9 Airfield network 9
10 Number of runways 10
L 1l Runway identification 11
’ 12 Departure runway end links 12
13 Runway crossing links ) 13
[ } 14 Exit taxiway location 14
B 15 Holding areas 15
L 16 Airline gates 16
[ . 17 General aviation basing areas 17
| S. ATC Procedures
i 18 Aircraft separations 18
19 Route data 18
| 20 Two-way path data 20
J 21 Common approach paths 21
’ 22 Vectoring delays 22
[ 23 Departure runway Queue control 23
24 Gate hold control 24
) 25 Departure airspace cCoOnstraints 25
r 2§ Departure gqueue 26
27 Runway crossing delay control 27
L 1
[ d. Aircraft Overational Characteristics
28 Exit taxiway utilization 28
! 29 Arrival runway occupancy times 29
| 30 <Touch~and=-go runway occupancy times 30
31 Departure runway OCCupancy times 31
}_ 32 Taxi speeds 32
33 Approach speeds ) 33
B 34 Gate service times 34
l' 35 Airspace travel times 35
36 Runway crossing times 36
37 Lateness distribution 37
l 38 Demand ] 38
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. Inputs for this experiment are identical to inputs for
! . weewsesswew-wen experiment number 14 except as
indicated balow.

' : SIMULATION MODEL INPUTS e DEMAND Ig";g—gvz_ s?g'fx:':n R
WENTS | SCENARIOS
a. Logistics
% 1 Title ] 1
Random number seeds 2
. 3 Sstart and finish timas 3
] ? 4 Print options 4
; 5 Adzline names 5
. 6 Processing options 6
§ 7 Truncation limits 7
8 Time switch 8
g b. Airfjeld Physical Charactezistics ‘
9 Airfield petwork 9
! 10 Number of runways 10
11 ‘Runway identification 11
12 Departure runway end links 12
13 Runway crossing links 13
14 Exit taxjway location 14
15 Holding areas 15
16 Airline gates le
17 General aviation basing areas 17
&. ATC Procedures
l 18 Aircraft separations 18
5 19 Route data 19
is 20 Two-way path data 20
% 2l Ccmmon approach paths : 21
? 22 Vectoring delays 22
k 23 Departure runway queue control 23
! 24 Gate hold control 24
’? 25 Departure airspace constraints 23
} 26 Departure queue 26
\f 27 Runway crossing delay control 27
d. Aircraf: Operaticnal Characteristics
28 Exit taxiway utilization 28
29 Arrival runway occupancy times 29
30 Touch-and-go runway occupancy timas 3¢
31 Departure runway occupancy times ' EDS
32 Taxi speeds 3z
33 Approach speeds 33
34 Gate service times 34
35 Airspace travel times 35
' 36 Runway crossing times 36
37 Lateness distzibution 37
‘ 38 Demand | | 38
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Attachment C

PRELIMINARY ANNUAL DELAY BASELINE
DATA PACKAGE

STAPLETON INTERNATIONAL AIRPORT

Airport Improvement Task Force Delay Studies

Peat, Marwick, Mitchell & Co.

March 7, 1978
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INPUT DATA

1. Annual Demand: 465,946 (1977)

2. Group Specification:

3 day groups : High, Average, Low
' 12 week groups : 12 months, January through December
3 weather groups: VFR, IFR1l, IFR2
1 7 runway uses : Arrivals Departures
i Runway Runway
3 .
1. 25, 26 35
] 2. 35R 35L
: 3. 17 7, 8
4. 25, 26 26
» 5. 8 35
§ 6. 17 17
; 7. 8 7, 8
3. Weekly Traffic:

Week Group 1. 2 3 4 5 6 7 8 9 10 11 12

% of annual
in one week 1.84 1.88 1.84 1.81 1.80 1.95 2.03 2.11 2.01 1.91 1l.86 1l.96

4., Number of Weeks in Each Group:

Week Group 1 2 3 4 5 6 7 8 S 10 11 12

Number of
weeks 4.43 4.00 4.43 4.29 4.43 4.29 4.43 4.43 4.29 4.43 4.29 4.43

5. Daily Traffic:

[
w

Day Group 1

\ % of weekly
| in one day 14.9 14.5 13.4

3
b
y
f
'
r
iilmgwii‘““*“
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6. Number of Days in Each Group:

Day Group 1 2 3

Number of Days 2 3 2

7. Weather Group Demand Factors:

VFR: 1.00
IFR1: 0.75
IFR2: 0.50

8. Weather Occurrences:

' Week Group 1 2 3 4 5 6 7 8 S 10 1l 12
% VER 97.5 95.1 95.6 95.7 98.9 99.6 99.5 99.6 99.1 97.6 97.1 97.5
% IFR] 1.3 1.7 2.1 2.1 0.4 0.1 0.2 0.1 0.1 0.7. 1.4 1.0
% IFR2 1.2 3.2 2.3 2,2 0.7 0.3 0.3 0.3 0.8 1.7 1.5 1.5

9. Hourly Runway Capacity:

Hourly Capacit
Runway Use VFR IFRL IFR2

1 170 75 71
2 85 74 70
3 137 74 71
4 95 74 70
5 150 76 71
6 83 74 70
7 93 74 70

10. Runway Use Qccurrences:

Percent Occurrence

et

Runway Use VFR T 1FR2
1 60.00 2.50 2.50
2 - - 1.00
3 22.00 0.05 0.05
4 3.00 - -
5 4,00 0.05 -
6 2.00 - -
7 1.50 - -

Other runway
uses’ 1.35%

e
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1l1.

12.
13.

14.

15.

Hourly Traffic:

% daily % daily % daily % daily
Bour traffic Hour ¢traffic Hour traffic Hour traffic
00-01 0.8 06-07 12-13 7.8 18-19 6.5
01-02 0.6 07-08 13-14 5.9 19-20 5.7
02-03 0.1 08-09 14-15 7.2 20~-21 4.1
03-04 0.4 09-10 15-16 5.3 21-22 4.1
04-05 0.4 10-11 16-17 5.9 22-23 3.5
05-06 1.4 11-12 17-18 6.2 23-24 2.4

Demand Profile Factor:

Runway Use Demand Factor:

All runway uses accommodate air carrier
1.0)

35%

aviation demand (Demand factor

Aircraft Mix:

19% Class 2a

21% Class
51% Class
9% Class

Percent Arrivals:

Hour % Arrivals

O w

Hour % Arrivals

Hour % Arrivals

and general

Hour % Arrivals

00-01
01-02
02-Q03
03-04
04-05
05-06

50
50
50
50
S0
50

06-07
07-08
08-09
09-10
10-11
11-12

User~-Specified Title:

S0
50
58
52
50
56

12-13
13-14
14-15
15-16
16-17
17-18

45
53
42
50
51
64

SIA ANNUAL BASELINE

18-19
19-20
20-21
21-22
22-23
23-24

S0
51
49
50
50
50

R ek VR




Attachment D

PRELIMINARY DESCRIPTION OF INPUTS TO BE
CHEANGED FOR ANNUAL DELAY EXPERIMENTS

STAPLETON INTERNATIONAL AIRPORT

Airport Improvement Task Force Delay Studies

Peat, Marwick, Mitchell & Co.

March 7, 1978
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: EXPERIMENT NUMBER 8 IS THE ANNUAL DELAY
‘ BASELINE RUN.
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Attachment E

ADDITIONAL DELAY EXPERIMENTS

STAPLETON INTERNATIONAL AIRPORT

'

Airport Improvement Task Force Delay Studies

Peat, Marwick, Mitchell & Co.

March 7 1978
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PEAT, MARWICK, MiTCcHELL & Co.
P. 0. BOX 8007
SAN FRANCISCO INTERNATIONAL AIRPORT

SAN FRANCISCO, CALIFORNIA 94128

Telephone: (415) 347-9521

June 8, 1978

Mr. Ray Fowler, AEM-100
Federal Aviation Authority A
800 Independence Ave., S.W.
Washington, D.C. 20591

Re: Input Data for Stapleton Delay Experiments
! Dear Ray:

Enclosed is the input data package for Stapleton Stage I
delay experiments that I plan to handout at the Stapleton
Task Force Meeting on June 12, 1978. Additional data is
required from the Stapleton Task Force to complete this
package. Under separate cover I am also forwarding the
Stapleton airfield networks for 1978 baseline case and
1985 baseline case.

The enclosed data package and the airfield networks should
be reviewed, revised, and approved by the Stapleton Task
Force prior to the performance of delay experiment model

runs.
Sincerely,
Stephen L. M. Hockaday i
Manager

SLMH/nbe

Enclosure

cc: Mr. J. R. Dupree (ALG-312)
Mr. F. Jaeger (ARM-4)
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Attachment

' STAGE 1 EXPERIMENTS: INPUT DATA PACKAGE

STAPLETON INTERNATIONAL AIRPORT

Airport Improvement Task Force Delay Studies

' Peat, Marwick, Mitchell & Co.

June 1978
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INPUT DATA FOR EXPERIMENT NUMBER 1.

a. LOGISTICS
1. Title: Stapleton International Airport Airfield
Simulation Model: Stage I Experiments
2. Random Number Seeds: 2017, 3069, 4235, 5873, 6981,
7137, 8099, 9355, 0123, 1985.
3. Start and Finish Times: 0830 to 2100
4. Print Options: Summary run for ten random number seeds.
5. Airline Names: Name Code
Rocky Mountain RM
Aspen AS
United UA
Braniff BN
Western WA
Continental co
Trans World ™
Ozark 02
Delta DL
North Central NC
Texas International TI
Frontier FL
Third Level Carriers TL
6. Processing Options: First run to check model input.
Other runs in COMPUTE mode.
7. Truncation Limits: +3 standard deviations.
8. Time Switch: Not applicable.
b. AIRFIELD PHYSICAL CHARACTERISTICS
9. Airfield Network: See separate drawing.
10. Number of Runways: 3
11. Runway Identification: 26L, 17L, 17R




Departure

Runway End Links: 188,

Runway Crossing Links: 188

4 14, Exit Taxiway Location:

Runway Taxiway Link

‘ 17L g-4 107

17L B-2 113

17R L-4 480

' 17R L-1 172

26L C-6 353

B-4 489

15. Holding Areas: Not applicable.

l6. Airline Gates:

Airline

Rocky Mountain
Aspen

United

Braniff

Western
Continental

Trans World

Ozark

Delta

North Central

Texas International
Frontier

Third Level Carrier

17. General Aviation Basing Areas:

Name

Combs Aviation
Beechcraft Aviation
Atlas Aviation

101

Distance from
Threshold (feet)

9,000
12,000
8,000
11,500
5,400
5,400

Airline
Gate Area

bt b
w

3

oS

R UUULS & s WS

Base Area Code

GC
GB
GA
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¢. ATC PROCEDURES

18. Aircraft Separations:

Arrival-Arrival Separation (n.m.)

Trail Aircraft Class

A B C D

Lead A 1l.4 2.3 3.0 3.0
Aircraft B 1.4 2.4 3.2 3.4
Class C 1.9 3.0 3.6 3.6

D 3.7 5.1 4.5 4.1

Departure-Departure Separations (Seconds)

Trail Aircraft Class
A B C D

Lead A 45 45 55 55
Aircraft B 50 50 60 60
Class C 50 60 60 60

D 120 120 120 90

19, Route Data: See Figure 1.

20. Two-Way Path Data:

Two-way taxiways are located as follows:
l. Taxiway C3
2. Taxiway C4

21. Common Approach Paths:

Arrival Aircraft Length of Common
Runway Class Approach Path
26L A 1.0
B 3.0
17L A 1.0
B 5.5
C 5.5
D 5.5
17R A 1.0
B 3.0
C 5.5
D 5.5




22.

23.

24.

25.

26.

27.

Vectoring Delays:

This input normally allocates delays among vectoring
and holding. With profile descent at Stapleton, holding
occurs rarely, if ever.

Model input values will be used that preclude holding
for arrival aircraft.

Departure Runway Queue Control:

Departure runway assignments will be made to balance
departure queues where appropriate.

Gate Hold Control:

Hold aircraft at gate when departure gqueue at runway
is 10 or more.

Departure Airspace Constraints:

Aircraft are not held at gate due to departure airspace
constraints. Flow control constraints from other
Centers do not normally occur.

Inter-Arrival Gap:

With this runway use, arrival aircraft are delayed in
the arrival airspace when departure delays cuceed
1¢ minutes.

Runway Crossing Delay Control:

Arrival and departure runway operations are only
interrupted for a taxiing aircraft to cross an active
runway when the taxiing aircraft is delayed by 5 minutes
or more.
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d.

AIRCRAFT OPERATIONAL CHARACTERISTICS

28.

29.

Exit Taxiway Utilization:

Exit Utilization

{Pexrcent)
A/C
Class B-4 g-~2
Runway A 100
17L B 100
C 90 10
D 90 10
A/C
Class L-4 L-1
Runway A 100
17R B 100
C 80 20
D 80 20
A/C cC~6
Class B-4
Runway A 100
26L B 100

Arrival Runway Occupancy Times:

Runway Occupany Time

(Seconds)
A/C
Class B~4 g=-2
Runway A 80
17L B 75
C 65 80
D 65 80
A/C
Class L-4 L-1

Runway A 80
17R B 75
C
D




A/C C-6

Class B-4

Runway A 60
26L B 55

Touch & Go Occupancy Times:

Runway Occupancy
Time (Seconds)

Aircraft Standard
Class Mean Deviation
A 22 3
B 23 3
C 27 4
D 27 4

Departure Runway Occupancy Times:

Runway Occupancy
Time (Seconds)

Aircraft Standard
Class Mean Deviation
a 23 3
B 26 3
C 37 4
D 37 4

Taxi Speeds: 5-30 mph depending on location.

Approach Speeds:

Approach Speed

(Knots)
Aircraft Standard
Class Mean Deviation
A 100 10
B 135 10
C 155 10
D 160 10

Gate Service Times: Not applicable.

35. Airspace Travel Times: See Table 1.




' 36. Runway Crossing Times:
. Aircraft Runway Crossing
Class Time (Seconds)
4 A 12
: B 14
C 17
D 20

37. Lateness Distribution: See Table 2.

38. Demand: See Table 3.

|
)
'
|
e K
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Table 1

AIRSPACE TRAVEL TIMESZ
(minutes)
Stapleton International Airport
Stage I Experiments: Input Data

Airxcraft Travel time to runways
Fisc Class 8L/8R 17L/17R  26L/26R  25L/35R
KIOWA 1, 2 15 16 12 12
3 18 19 14 14
4 25 26 20 20
KEANN 1, 2 16 13 12 17
3 19 15 14 20
4 26 21 20 28
DRAKO 1, 2 14 11 16 17
3 16 13 18 20
4 23 19 26 28
BYSON 1, 2 13 16 16 13
3 15 19 19 15
4 21 27 27 21
"Pop-ups"” 3 8 8 8 8
4 9 9 9 9

a. Nominal (undelayed) travel times.




, 1
' 9
' Table 2
' ARRIVAL AIRCRAFT LATENESS DISTRIBUTION
(Average deviation from schedule, excluding
delays due to destination airport)
Amount of time Percent of flights
late or early late or early (%)
More than 15 min. early 0 '
less than 15 min. early 5 /
On time 24
i less than 5 minutes late 29
5 to 10 minutes late 15
4 10 to 15 minutes late 9

15 to 30 minutes late
30 to 45 minutes late
45 to 60 minutes late
more than 60 minutes late

[F% 3 (S T S Vo]

‘ Source: Peat, Marwick, Mitchell & Co., analysis of
: data provided by Stapleton Task Force.

i
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TAXIWAY ROUTES:
ARRIVALS ON RUNWAY 8L
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Figure 1 cont.
TAXIWAY ROUTES
ARRIVALS ON RUNWAYS 17L & 17R
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I Figure 1 cont.
TAXIWAY ROUTES:
ARRIVALS ON RUNWAYS 25, 26L & 26R




Figure 1 cont,.
TAXIWAY ROUTES:
DEPARTURES ON RUNWAYS 7, 8L & 8R
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Figure 1 cont.
TAXIWAY ROUTES:
DEPARTURES ON RUNWAYS 17L & 17R




!
i
;
;
|
I
;
:
}
¥

G g Speat

T g

Wﬁgi_‘;if“

2 S palaly
N

W

4 e
e

T I g
.

Figure 1 cont.

TAXIWAY ROUTES:
DEPARTURES ON RUNWAYS 35L & 35R
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Experiment Number:_ 5 ( Input changes from experiment number_ ; )

¥
’L7
SIMULATION MODEL INPUT ) DESCRIPTION OF INPUT CHANGE
¥
A, Locisrtics BN
4=l
2 Raczdom aumber seeds
3 StazT and fizish tices
4 ?Priznz ostizns
S Adslize ca=es
6 Poocs=asi=g ospriosns
7 “rzocacion liziss
§ Tiza swisch
5. Adrfield Phvsical Characzesistics .
3 AizZield zezwvork
5 10 ¥izber of rumways
1l mmway {damtificacica
12° Ceparzuze o= ay end li=kg
11 Runway ercssing lisks
? 14 Exiz taxiway lacacieon
b 15 Zoldiag aveas
1§ Al-line gates
17 Cener=l aviatiza basiag az=zs
[{ €. AT Procedares )
"‘ 13 Ad-czafs sepazacziczs
_ j 19 Rooze daza
‘;"» 20 Two-way path daca
Jj - 1 C:==sza azprsack catka
' 22 Vec:tcming delays
: I3 Caepaz:use Iuoway gueue ConTIol
! 24 Cace bold cznzoal
2S5 CeparTuTe aifspace cImsTraiac
; 1§ Cecaziute gueue
’ 37 Rzoway cTtossizg delay czazzol
d., Aizczzfe Coera=icnal Characresistiss
29 Ixs2 taxiway usilizatiosn -
19 Azrival roway cesugancy tizas - B
36 Touch-and—go mizway ceTupancy tises !
31 CezasTuise onway ocIusascy tites A o ‘
13 Taxi 3peeds
33 Aszroach 3Deeds
34 Caca service =izes o
15 Ai-scace tZavel Tizes ) o
- 2§ 2usvay sZs23:izg tises T
17 laceness ZisTrisusian o
i I8 Ze-and ' _{x;r;i'éi‘~ge¢gn_ai onoar
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INPUT DATA FOR EXPERIMENT NUMBER 2.

a. LOGISTICS
1. Title: Stapleton International Airport Airfield
Simulation Model: Stage I Experiments
2. Random Number Seeds: 2017, 3069, 4235, 5873, 6981,
7137, 8099, 9355, 0123, 1985.
3. Start and Finish Times: 0830 to 2100
4. Print Options: Summary run for ten random number seeds.
5. Airline Names: Name
Rocky Mountain
Aspen
United
Braniff
Western
Continental
Trans World
Ozark
Delta
North Central
Texas International
Frontier
Third Level Carriers
6. Processing Options: First run to check model input.
Other runs in COMPUTE mode.
7. Truncation Limits: +3 standard deviations.
8. Time Switch: Not applicable.
b. AIRFIELD PHYSICAL CHARACTERISTICS
9. Airfield Network: See separate drawing.
10. Number of Runways: 5
11. Runway Identification: 26L, 26R, 35L, 35R,

Code

25

RM
AS
(87
BN
WA
Co
™
0z
DL
NC
TI
FL
TL

18
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|
12. Departure Runway End Links: 183, 113
13. Runway Crossing Links: 352, 346, 345, 344, 395,
400, 357, 356, 318, 321. i
l4. Exit Taxiway Location: '
Distance from
Runway Taxiway Link Threshold (feet)
26L B-~4,C-6 489,353 5,800
c-5 354 6,100
c-4 356 7,400 /|
Cc-3 357 8,400 1
26R D-2 318 5,000
Cc-4 316 6,000
Cc-3 311 6,900
End 310 7,400 ;
25 D-3 322 3,400
15. Holding Areas: Not applicable. |
l6. Airline Gates:
Airline
Airline Gate Area
Rocky Mountain 1
Aspen 1
United 2,3
Braniff 2
Western 3
Continental 3,4
Trans World 4
Ozark 4
Delta 4
North Central 5
Texas International 5
Frontier 5
Third Level Carrier 1l

17. General Aviation Basing Areas:

Name

Combs Aviation
Beechcraft Aviation
Atlas Aviation

Base Area Code

GC
GB
GA
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C. ATC PROCEDURES

18. Aircraft Separations:

Arrival-Arrival Separation (n.m.)

Trail Aircraft Class

A B C D

Lead A 1.4 2.3 3.0 3.0
Aircraft B 1.4 2.4 3.2 3.4
Class C 1.9 3.0 3.6 3.6

D 3.7 5.1 4.5 4,1

Trail Aircraft Class
A B C D

Lead A 45 45 55 55
Aircraft B 50 50 60 60
Class C 50 60 60 60

D 120 120 120 90

19. Route Data: See Figure 1.

20, Two-Way Path Data:

Two-way taxiways are located as follows:
1. Taxiway C3

2, Taxiway C4

3. Apron Taxiway to south of Concourse B

21. Common Approach Paths:

Arrival Aircraft Length of Common
Runway Class Approach Path
25 A 1.0
26R A 3.0
B 3.0
Cc 5.5
D 5.5
26L A 5.5
B 5.5
C 5.5
D 5.5

. e,




22,

23.

24,

25,

26.

27.

-

d.

Vectoring Delays:

This input normally allocates delays among vectoring
and holding. With profile descent at Stapleton, holding
occurs rarely, if ever.

Model input values will be used that preclude holding
for arrival aircraft.

Departure Runway Queue Control:

Departure runway assignments will be made to balance
departure queues where appropriate.

Gate Hold Control:

Hold aircraft at gate when departure queue at runway
is 10 or more.

Departure Airspace Constraints:

Aircraft are not held at gate due to departure airspace
constraints. Flow control constraints from other
Centers do not normally occur.

Inter-Arrival Gap:

With this runway use, arrival aircraft are not delayed
in the arrival airspace to release departures.

Runway Crossing Delay Control:

Arrival and departure runway operations are only
interrupted for a taxiing aircraft to cross an active
runway when the taxiing aircraft is delayed by 5 minutes
or more.

AIRCRAFT OPERATIONAL CHARACTERISTICS

28.

|
I
l
i
2
|
i

Exit Taxiway Utilization:

Exit Utilization (Percent)

A/C B-4
Class c-6 c-5 c-4 c-3
Runway A 100
26L B 54 15 31
(o 24 54 22
D 50 50

BT T o N er e R 3
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A/C
Class D=2 C-4 C=-3 End
_ Runway A 100
- 26R B 44 17 39
C 32 47 21
D 100
aA/C
Class D=3
Runway A 100
25 B 100

29, Arrival Runway Occupancy Times:

Runway Occupancy Time (Seconds)

A/C B-4
Class C-6 c-5 C-4 C-3
» Runway A 60
. 26L B 45 60 70
(o] 41 54 58
D 51 60
A/C
Class D=2 C-4 c-3 End
Runway A 55
26R B 36 49 6l
C 31 47 55
D 60
1 a/c
Class D-3
: l Runway A 45

§ 25R B 40

I 30. Touch & Go Occupancy Times:

' Runway Occupancy
; Time (Seconds)

Aircraft Standard
, Class Mean Deviation
{
. A 22 3
B 23 3
(o} 27 4
| D 27 4




31.

32.
33.

34.
35.

38.

36.

Departure Runway Occupancy Times:

Runway Occupancy
Time (seconds)

Aircraft Standard
Class Mean Deviation
A 23 3
B 26 3
c 37 4
D 37 4

Taxi Speeds: 5-30 mph depending on location.

Approach Speeds:

Approach Speed

(Knots)_
Aircraft Standard
Class Mean Deviation
A 100 10
B 135 10
C 155 10
D 160 10

Gate Service Times: Not applicable.

Airspace Travel Times: See Table 1.

Runway Crossing Times:

Aircraft Runway Crossing
Class Time (Seconds)
a 12
B 14
Cc 17
D 20

Lateness Distribution: See Table 2.

Demand: See Table 3.

i Tt T MR, el W ase.-




= —— " ——— "

Experiment Number:_ g ( Input changes from experiment number_2 )

) 24
SIMULATION MODEL INPUT ) DESCRIPTION OF INPUT CHANGE
a. Locisctics
1 2izle
2 RMasdea nu=ber saeeds
3 Stast and finisgh tises
f 4 2ri=g oprions
! 5§ Alsllise na=es
§ Proceasiag opriaas
7 <Tr=scatisn liziss
i 8§ 7Tiza swissh i
B, Al-Zield Phviical Crazaczeszistics - /
9 Aizfleld nesvork :
L. 10 Mu=ber of uxways
11 SRunway {deatificxtiocn
12° Daparturs rusway end li=ks
11 Rusway cssssing liaks
14 Exit zaxiway location
1S Eolding acsas
) 16 Air-line gates
k 17 Ceaerzl aviazion basing acsas
!
€. AT Procedures
18 Alscrals separacicnms lise_IFR separations
19 Roote data
280 Two-way patzh daza
21 Ca==on approack paths 4
22 Vectaziag delays
23 Ceparsuce TuSway Quaus conszol 7
24 Cats :old coazzal.
28 Cepazcurs aisspace constraints
1§ CezarsuTe guesus
E 17 ZRczway czossing delay coanzzol
s ‘ _
¥ d., Aircrafs Coerazicnal Charzactesistics
: 18 Exiz caxiway uzilization
‘ 29 Aszival suavay cesupan zizes ~
‘ 30 “ouch-and-go rusway ccsutancy tices
31 CepasTuTe Iiway ocsuzazcy tices
‘ 32 Taxi speeds
E . 13 Approach sseeds
i J4 Gace servics %izes
! ' 1S Aissgacs tTavel =izas
- 3§ Rusvay czos3izg cizes
17 Zlateness Zistzisucion
' 38 Se=ine Change arrival runway assignments-all
arrivals on 26L.




Experiment Number: 3
' Weather Condition: IFR-1

! Arrival-Arrival Separation (n.m.)

Trail Aircraft Class

A B o D

Lead A 3.0 3.0 3.3 3.5
Aircraft B 3.0 3.0 3.3 3.5
Class C 4.5 4.5 3.3 3.3

D 6.5 6.5 5.5 4.5

Departure-Departure Separations (seconds)

Trail Aircraft Class
A B C D

Lead A "60 60 60 60
Aircraft B 60 60 60 60
Class C 60 60 60 60

D 120 120 120 920 E

§———_
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Experiment Number: 8

( Input changes from experiment number_2 )

U ——— %]

26

SIMULATION MODEL INPUT

DESCRIPTION OF INPUT CHANGE

e

Lociscics

cizle

Raadea aumher seeds

.Start and finish tizes

Priac opticas

Adsline za=es

Processizg options

S=macation Lizmisg

wlivlalw]lalw|mw]

Tizg swisch

B.

Ai=field Phvsical Claractexiszics

Airfield nezwurk

ber of tunways

Rroway {dentificazion

Cepar=u=s ruzway end links

Ruoway csossing lizks

Exit taxiwvay location

Bolding armas

Airline gates

IR I I o E

Cezezal aviatisn basiag azsas

AT Procesdrures

18 Alzzzalt saparaticns

19 Route data

20 <we-way path daza

21 Coc==on apprcach sazhs

22 Vec=oring delays

23 CepazTuse Tumway gueue contzol

24 Gats 2old caaess)

2S DecasT=Ce Airscace constriiats

2§ Dezastuce gusue

27 3Runway ctossizg delay conzool

4. Adirerzfs Coerazziznal Charzacteristics

28 Ixis taxiway usilizztion

29 Aszival susway oczupancy tizes

30 <Tsouch~and-ge suzmway ccIusancy tires

31 CegazTuse Tmaway ocsuzancy ties

12 Taxi speeds

33 Appraach s>eeds

34 Gate servizcs “izes

38 Aicsssacs :Tavel =izes

36§ funway crogaizg tines

37 fateness distritusiona

18 Zlaezand

Reassign arrivals on 261, to 26R

me&.._np




Experiment Number: g

( Input changes from experiment number_2 )

v27

SIMULATION MODEL INPUT

DESCRIPTION OF INPUT CHANGE

a. locisties
1 2::zle o
2 Rasdeca ou=ber saeds
3 Szars and finigh tizes
4 ?Prisz opticns
S Alrlize 2a-es
§ Pzocessisg options
7 2sescatisg lizizy
3 Tizs swiesh
b, Aizfield Phvsical Charactesistics
9 izfield network
10 N=ber of susways
11 ®xoway ideatification
12° Baeparzura Tu=mway end links
13 Ruswvay coossing links
14 =xisz taxiway locazion
15 Zolding areas
1§ Airline gates
17 Cezerzl aviation basizg areas
€. AT Procedurses
18 Alzczals saparacidzs
19 Roucte data
20 “wo~way path daza
21 Cc=on appssach Paths
22 Veczoriag delays
23 Separzzse rusway gueus cantrol
24 Gaze Iold czazzal,
25 CegazTzre al-space constraines
26 Qlezartuve gusmus ]
17 Rzcway cozssisg delay coazzal
d. Adizcoafe Coerazicsnal Charactezistics

22

Exis= taxiway usilization

29

Azzival rusway oasuzancy tizas

Touch=and-go unway ccoupaagy tizes

DepasTuse rm=way ocTturancy tises

Taxi speeds

Approach sceeds

Gacte ser7ice zizes

Aizssacs =Tavel tises

Ru=vay cots3isg Tizes

Lateness diszrisusian

terand




o ' Experiment Number:_ g ( Input changes from experiment number_ o )
SIMULATION MODEL INPUT _ DESCRIPTION OF INPUT CHANGE
' 4. logisctics
L <izle

2 Rasdcm npu=ber seecds

Stare and finisgh tines

?ziaz oprices

?rocessing opciany

STuneatisa Li=izs

3
4
S Alrsline naces
§
7
3

g1
Tizq swizch

B. Airfield Phvaical Chacactesisticy

3 AisZfield petwork . ' Reflect 1985 airfield see network

10 Nher of suoways
11 Ruoway identification

12° Depaztuzs suzway end links

13 Runway crossing li-ks

14 =it caxiway location

1S Eolding areas

1§ Aizline gates .
Concourses—E-and-F—inelude—

17 Cezem2! aviaticn basing acsas all G/A to south side of 8-26

€. ATT Procadoce

4wy & - .
18 Aflsczals ssparacicns 1085 ATC narin

19 Routs dacza

20 Two-~way path da=a

~ 2l Cs==on appscach gazhs

22 Vectoriag delays

23 Zeparz:ce usway Queue coatTol

24 GCasa Sold cznzzol.

casT=se alrspace canstoaiats

e
28 Cerarzuze cteus

27 Rzzway cTossing delay csnsral

d. Aizczafe Coeraszicnsl Characteristics

28 =xis caxiway ustilizaction

29 Aszival ruaway oczuzancy ticzas

38 “Tsuch-and-—go ruzway ccIugancy ti-ss

31 CezazTuiTe T==way aczuraancy ites

12 Taxi spewds

33 Aperoach speeds

14 Gacs sezvice =izea

35 Aizscace =zavel =izes

-~ 16 Rumvay clzssizg tizes

37 Lazeness discoitusiosa

38 Se=i=d ‘ 1985 demand see Table 4

TR MR St i
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b amd s

SET bST 1441 8b1 :
9 L L 9 0022-0012 .
9 L L L 001Z-0002 i
8 01 6 6 0002-006T ]
(0] 4 11 (0] 11 006T-0081 i
6 11 0T 01 008T~00LT
6 01 6 (02 4 00LT-0091 |
8 6 8 6 009T-00ST
1T (49 1T 1 00ST-00vT
6 01 6 01 90x03 00VT-00€T
11 €1 €1 €1 yselL &q 00£1-0021
6 01 01 o1 poptaoad 00ZT-001T
01 1 11T 1T ?q oL 00TT-0001
1T AN 1T 1T 0001-0060
B8 © 6 6 0060-0080
L 8 L L 0080-00L0
€ £ £ € 00L0-0090

syotaeaado uojstd uoystd autbus A93NUOD I9TIIRD potraad awty,

jjexoate autbua-athurs surbustzinu oqany ate

1230% UOTJETAR TeXaua9 paTnpayss
e3eqg jnduy :sjuawixadxy I abeas
3x0datTy TeRUOT3IRUISIUI uojzeTdels
6 JdIIWNN ILNIAWIVAIXHT :dANYWIAd LAVIOUIV
¥ °1qesn
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Experiment Number:_ 33

( Input changes from experiment number_3 )

SIMULATION MODEL INPUT

DESCRIPTION OF INPUT CHANGE

&. Loclscics
L <izle
2 Razdea number seeds
3 Stazt and filaish tines
4 ?Priasc oprions
S aislise naszes
6 Proceasinag optiang
7 “Iumcation limisg
§ Tize swicssh
B, Airfield Phvsical Charactesistics
9 AdzZield rezwark 1985 Network
10 Niember -of funways
11 Rmmway idestificacion
12° papaztura runway end lisks )
13 Runwvay cStossing links ]
14 Exi= =axiway location
1S B2alding areas hd
1§ Alrline gates Conconrses E_and F
17 Cezerzl aviatica basiag azeas all G/A on south side of 8-26
€. AIT Proceduras
18 Adscralz separaciiss 1985 ATC Scenario
19 Route data
20 Two-~way path daza
21 Cs=mon approac: packs
22 <VeczcTing dslays
23 Cepartuza sucway gqueua conzTol
24 Gaza :2ld cantzal.
25 CeparTure aitspacs constTaiass
2§ Dlezar=ure queue ]
37 Rezway crossisg delay conzzol
d. Ai-cyafe Coerazicnal Chazacteristies
28 =xis taxiway utilizatica
29 sTival runway ocsusancy tizaes ~
30 “Toucheand-go susway ocsSuPancy tiZes
31 CepatTuTe Suway ocsuTancy zises
32 7Taxi speeds
33 Agprcach speeds
J4 Gate: servics zizes
35 Aisssace TTavel =izes
- 36 Rusvay crossiag sices
37 taterness distsibuction
38 Zeman2 1985 Demand see Table 4
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Experiment Number:_ 1] ( Input changes from experiment number_l0

i
SIMULATION MODEL INPUT . DESCRIPTION OF INPUT CHANGE
a. logistics
1 2ixe
-
2 Randea aus=ber saeds
3 Stars and finigh cizes
4 Prizg opticns
' S Adzline na=es
§ 2rocessing spticas
’ 7 Tr=acacion liziss
! § Tizs switcsh
J 4
] b. Airfield Phvsical Charactexistics -
E j $ AirZield nezwork ‘
1 | 10 Niu=ber of tunways :
11 Rusway identification ;
12° Dapassuvs rumway end lisks
13 Rusway csossing lisks
14 Exiz taxiway locacion
1S Eoldixg areas
1§ Al-line gates
! 17 Cenezzl aviatzisa basziag acs=as
€. ATT ?rogedures
18 Adlrczals saparaziczs
19 Routes daza
20 Two—wvay path daza
- 2l Cs=—nn asproach pat>s
22 Vecszoziag dealays
23 Cepazr:uzze Tusway gueue eontsol
24 Cazz bold casczal.
25 CeparTuse airspacs csastraiaes
2§ Cezartuze gueue ]
27 Ruz=way csessizg delay conzrol
d. Mzrezafe Coerazizsnal Characsecistics
28 =xi= zaxiway uzilizacion
29 AsTival rusway cczupancy tizes ~
30 “auch-~and—go Iizway cesugancy tices .
3] CepacTuiTe Suoway ocsuzancy tises ;
32 Taxi speeds i
33 Approach spesds
J4 Gate service -izeg
l 1S Ais-scaca =Tavel Ticas
. - 36 Rusway cressiag tizes
Liteness Ziscoibusion
Cezand




Experiment Number: 12 ( Input changes from experiment number_9 )

s e 8 s el T {1 e M v, ¢ AT 2 et

SIMULATION MODEL INPUT

DESCRIPTION OF INPUT CHANGE

I' a.

Locissica

1l 2ezle

2 Rapden pusber saeds

Stazt and finish tizes

Prisc opticns

Alrline aa=es

Proceasing optians

ST==cation lizizs

LA A AR I ™)

Tiza swviteh

14

Al-2ield Phvsical Chacacsesiszics

9 AiczfZield nezwark

10 Mc=ber of suzvays

11 Re=way i{dengtification

12° Cepacttse ruaway end lisks

13 Ruzway ccossing links

14 =Exiz taxiwvay locazion

15 3Zolding aceas

1§ Airline gates

17 Cezerzl aviaticn basiag ace=as

ATT Procedures

18 Alzczal: saparaciczs

19 Route data

20 7Two-way path daza

21 Co=—on apprcach paths

22 Veczoriag delays

23 ZepaIiuie rinway gueus coasIol

24 Caze kold conz=al.

25 CecazTzce aistspace comsTtraines

26§ CezarTuce gueus

17 =Ruzway czessicsg delay conczol

.

Airesafe Coerz=icnal Characmeristics

28 =EIxiz zaxiway utilizacion

29 Azzival fuaway cosuzan zizas

360 <Touch-and-—go inway ccctzancy tizes

31 CepazTuirs rmxway ocIuzancy tices

32 Taxi speeds

33 Acproach speeds

J4 Gaza servica ises

35 Airsypacs zravel zizas

1§ fusvay crogsisg sizes

37 ‘Zazeness distoisuzica

318 Ce=ind

Reduce general aviation demand 25%.

A . ey
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Experiment Number: 13

( Input changes from experiment number 9

)

SIMULATION MODEL INPUT

DESCRIPTION OF INPUT CHANGE

L 2

Logistics

Sitle

Raadem aumber seeds

Stass and finigh tizes

Alzling za=es

Processing optizns

STacearisa liziss

1
2
3
4 Pzizs opricas
H
6
7
]

Tizg svizsh

5.

Airfield Phvsical Charactazistics

9 AizZield rezwork

10 Nu=ber of suzways

11 =xmway ideatification

12° Dapartura susway end links

13 xu=way c-ossiag linmks

14 Exis taxiway location

1S BEolding areas

1§ Airline gates

17 CGesez2) aviazica basiag az=as

c. e Procedures
=22, Qi fIRoesTsed

18 Alzzzalt separacicns
19 Route data
20 7Two-wvay path daza
Cs==sn approack saths
22 Vec:=cring dalays
23 Separzuse ruSway quaue conesel
24 Gats hold canszal.
25 Ceparvuze aicspace coastoaiats
26 Cezartute cuous _
17 =Resoway czsssizg delay comzzol

4. Aizczaf:t Coerzzicnal Characzesistics

28 =Exis taxiway usilizasion
29  AsTival rusway oczuzancy tizas ~
30 Touch-and-go Sunway ccsurancy ticea
31 CezasTuce T=sway ocsuzascy tizas
32 Taxi speeds
33 Approach sdeeds
J4 Caze servica %ines
1S Aic-spaca :zavel ti=zes
- 36 Rumvay costsisg cises
37 ‘latesness distoing=iecn

s

cazind
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Experiment Number: 14 ( Input changes from experiment number_g )

‘ 34

SIMULATION MODEL INPUT DESCRIPTION OF INPUT CHANGE
‘ a. Locisecies

1 <izle

1 Razdca aushes seeds

3 Stiz2 and fizisgh zives

4 Priss oztices

$ adslise zazes

§ ?rocessing optians

7 <Sruncasion limiss

§ Ting swiccsh

B. Alzlield Phviical Charactesistics

Ais2ield nezwork

We=her of ruzways
Mmway {dencificicica

Capaztuze tusvay eand li=ks

Runway c-oxsiag links

Txit caxiwvay locatian
Zaldiag aceas

1§ Alzline gates

17 Cener2l aviatica basiag acmas

Glsleleie|s].

€. AT ?racedcres

13 Alczcrals saparacticns

Route data
Twa-wvay path daca

Cas==an approachk patha

Sepazicrs Tuaway quaue cansrol

Gats -2ld cant=al.

19
20
- 1
' 22 Vec:aziag delays
2 -
24
25

SegaAITITR Air3pace camstraines

1§ CezaztuiTe greue

17 3Am=way czessizg delay conzsal

d., Aizerafs Coerazicnal Chasaczesistics

28 Sxiz zaxiway usilizatica

29 Azzival resway oczutancy tizes

30 Zoucheand-go Tinway ccesurancy tizes

31 CeparTuTe Tuaway ocsutaccy ticas

13 Taxi speeds

|
|
| . 33 Approach speeds

34 Gate service -izas

l 1S Aiczszaca cTavel tizes

- 368 Musvay crsssisg tices

37 Zateness discTisgzioa

; l 38 ZTesamd : Reduce general aviation demand 753,
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INPUT DATA FOR EXPERIMENT NUMBER 4.

LOGISTICS

Title: Stapleton International Airport Airfield
Simulation Model: Stage I Experiments

Random Number Seeds: 2017, 3069, 4235, 5873, 6981,
7137, 8099, 9355, 0123, 1985.

Start and Finish Times: 0830 to 2100

Print Options: Summary run for ten random number seeds.

Airline Names: Name Code
Rocky Mountain RM
Aspen AS
United va
Braniff BN
Western WA
Continental Cco
Trans World ™
Ozark 0z
Delta DL
North Central NC
Texas International TI
Frontier FL
Third Level Carriers TL

Processing Options: First run to check model input.
Other runs in COMPUTE mode.

Truncation Limits: +3 standard deviations.

Time Switch: Not applicable.

AIRFIELD PHYSICAL CHARACTERISTICS

11.

Airfield Network: See separate drawing.

Number of Runways: 5

Runway Identification: 8L, 8R, 17L, 17R, 7




- omE =S - ] [ ] [ ]

311, 3

12, Departure Runway End Links:

13. Runway Crossing Links:

14. Exit Taxiway Location:

Runway Taxiway Link
17L 8-4 107
17L g-2 113
17R L-4 480
17R L-1 172

8L D=2 318
8L D-3 321/347
8L D-5 323/349

15, Holding Areas: Not applicable.

l6. Airline Gates:

Airline

Rocky Mountain
Aspen

United

Braniff

Western

Continental

Trans World

Ozark

Delta

North Central

Texas International
Frontier

Third Level Carrier

17. General Aviation Basing Areas:

Name

Combs Aviation
Beechcraft Aviation
Atlas Aviation

59, 487

316, 356, 357, 395, 400

Distance from
Threshold (feet)

Airline

Gate Area

(>

2

w

3

o

HUTOTU BB WNs

Base Area Code

9,000
12,000
8,000 /)
11,500
2,000
3,500
6,700

GC
GB
GA




C.

ATC PROCEDURES

18.

19.
20.

21.

Aircraft Separations:

Arrival-Arrival Separation (n.m.)

Trail Aircraft Class

A B [o] D

Lead A 1.4 2.3 3.0 3.0
Aircraft B 1.4 2.4 3.2 3.4
Class C 1.9 3.0 3.6 3.6

D 3.7 5.1 4.5 4.1

Departure-Departure Separations (Seconds)

Trail Aircraft Class
A B C D

Lead A 45 45 55 55
Aircraft B 50 50 60 60
Class C 50 60 60 60

D 120 120 120 90

Route Data: See Figure 1.

Two-Way Path Data:

Two-way taxiways are located as follows:
1. Taxiway C3
2, Taxiway C4

Common Approach Paths:
Arrival Aircraft Length of Common
Runway Class Approach Path
26L A 1.0
B 3.0
17L A 1.0
B 5.5
(o 5.5
D 5.5
17R A 1.0
B 3.0
c 5.5
D 5.5

POy




22.

23.

24.

25.

26,

27.

38

Vectoring Delays:

This input normally allocates delays among vectoring
and holding. With profile descent at Stapleton, holding
occurs rarely, if ever.

Model input values will be used that preclude holding
for arrival aircraft.

Departure Runway Queue Control:

Departure runway assignments will be made to balance
departure queues where appropriate.

Gate Hold Control:

Hold aircraft at gate when departure queue at runway
is 10 or more.

Departure Airspace Constraints:

Aircraft are not held at gate due to departure airspace
constraints. Flow control constraints from other
Centers do not normally occur.

Inter-Arrival Gap:

With this runway use, arrival aircraft on 86 are delayed
in the arrival airspace to release departures on 8L when
the departure delays exceed 10 minutes.

Runway Crossing Delay Control:

Arrival and departure runway operations are only
interrupted for a taxiing aircraft to cross an active
runway when the taxiing aircraft is delayed by 5 minutes
or more.




i ]

d.

AIRCRAFT OPERATIONAL CHARACTERISTICS

28.

29.

Exit Taxiway Utilization:
Exit Utilization
____(pPercent)
A/C
Class B-4 B-2
Runway A 100
17L B 100
C 90 10
D 90 10
A/C
Class L-4 L-1
Runway A 100
17R B 100
c 80 20
D 80 20
A/C C-6
Class B-4
Runway A 100
26L B 100
Arrival Runway Occupancy Times:
Runway Occupany Time
(Seconds)
A/C
Class g-4 B-2
Runway A 80
17L B 75
C 65 80
D 65 80
A/C
Class L-4 L-1
Runway A 80
17R B 75
C 65 80
D 65 80

e -t e, Ve o8

PP et
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. 40
A/C Cc-6
Class B-4
Runway A 60
26L B 55
l 30. Touch & Go Occupancy Times:
l Runway Occupancy
Time (Seconds)
Aircraft Standard
' Class Mean Deviation Y,
A 22 3 ’
B 23 3
' C 27 4
D 27 4

31. Departure Runway Occupancy Times:

Runway Occupancy

Time (Seconds)
Aircraft Standard _
Class Mean Deviation 3
A 23 3
B 26 3
C 37 4
D 37 4

32. Taxi Speeds: 5-30 mph depending on location.

33. Approach Speeds:

Approach Speed

(Knots)
Aircraft Standard
Class Mean Deviation
a 100 10
B 135 10
C 155 10
D 160 10




34.

35.
36.

37.
38.

Gate Service Times: Not applicable.

Airspace Travel Times: See Table 1.

Runway Crossing Times:

Aircraft Runway Crossing
Class Time (Seconds)
A 12
B 14
Cc 17
D 20

Lateness Distribution: See Table 2.

Demand: See Table 3.

41
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l Experiment Number: 5 ( Input changes from experiment number 4 )
‘ 42
SIMULATION MODEL INPUT A DESCRIPTION OF INPUT CHANGE
' &. locistics

1l =izle

Razdcon nusber seeds

Stare and finisgh tizeg

2rocesasing optisas

TI=ncatisg lismics

2
3
4
$ Adrlize caxzes
§
7
3

Tizg swizzh

b. Airfield Phvsical Crhacactesistics

9 Aizfield neczwurk
10 YNu=ber of suzmways

1l EPx=way identification

12 Caparctura runvay end links

13 Rusway czzssing lizks

14 Exis taxiway lecation

1S Zoldizg areas

16§ Aizline gates

17 Cezeral aviasziza basiag assas

€. ATCT Procsdrres
=2, Sav sfoocRctoTd

13 Alzczals saparacidns

19 Routs dacta
? 28 “Twa-~way path daza

- 21 C==—on appscach paths

22 Vecazzring deslays

23 CaepazsmcSe Dusway queue contTol

24 Caza :20ld ccocaozzal,

1S Cegarcoe airspace constraines
26

Cezazzture cusue

2s5izg delay conssol

»
ey
!‘.
»

3
1

d. Ai-czzfs Coera=icnal Characlesistics

28 =Exis zaxiway utilization

29 AsTival rrawvay ocotzancy tizas o~
10 Tsuch-and—ge Iinway ocITupancy tices
31 Cezazr=uss runway ocsurancy tizes
32 <Taxi speeds
33 Approach spesds
J4 Gate service Zizes
I 1S Aixssace tTavel cices
- 36 Puavay cTossi=g ti-es
37 ‘Lateness distTibgsioa
l 38 Ce=min2 ' : Reassign departures on 8R to 8L, 7, 17L and
17R. 3
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DATA PACKAGE NO. 3
AIRPORT IMPROVEMENT
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DEPARTMENT OF TRANSPORTATION

FEDERAL AVIATION ADMINISTRATION
under contract

DOT FA77WA -3961

Peat, Marwick, Mitchell & Co.

AUGUST 1978




PrAT, MARWICK. MiTCHELL & Co.
P. 0. BOX 8007
SAN FRANCISCO INTERNATIONAL AIRPORT

SAN FRANCISCO, CALIFORNIA 954128

Telephone: (415) 347-9521

August 3, 1978

Mr. Ray Fowler, AEM-100

Federal Aviation Administration
800 Independence Avenue, S.W.
Washington, D.C. 20591

Re: Input Data for Stapleton Delay Experiments

Dear Ray:

Enclosed is the input data package for Stapleton Stage I
delay experiments. This data package should be reviewed
by the Stapleton Task Force prior to the August 9, 1978

subgroup meeting so that approval of the input data can

be obtained in that meeting.

Sincerely,

Aoey

- ) ,
Stephé; L. M. ﬁgckaday
Manager

SLMH/sq
Enclosure

cc: Mr. J. R. Dupree (ALG-312)
Mr. F. Jaeger (ARM-4)
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Attachment

STAGE I EXPERIMENTS: INPUT DATA PACKAGE

T
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STAPLETON INTERNATIONAL AIRPORT

' Airport Improvement Task Force Delay Studies
g .
|
g
!
Peat, Marwick, Mitchell & Co.
R August 1978
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2
INPUT DATA FOR EXPERIMENT NUMBER 2.
a. LOGISTICS

1. Title: Stapleton International Airport Airfield

Simulation Model: Stage I Experiments
2. Random Number Seeds: 2017, 3069, 4235, 5873, 6981,

7137, 8099, 9355, 0123, 1985.

3. Start and Finish Times: 0830 to 2100 /

4, Print Options: Summary run for ten random number seeds.

5. Airline Names: Name Code
'

Rocky Mountain RM
Aspen AS
United UA
Braniff BN
Western WA
Continental Cco
Trans World ™
Ozark 0z

‘ Delta DL

| North Central NC

! Texas International TI

l Frontier FL

§ Third Level Carriers TL

1

E ! 6. Processing Options: First run to check model input.

Other runs in COMPUTE mode.

7. Truncation Limits: +3 standard deviations.

8. Time Switch: Not applicable.

b. AIRFIELD PHYSICAL CHARACTERISTICS

9., Airfield Network: See separate drawing.

10. Number of Runways: 5

'| [T
11. Runway Identification: 26L, 26R, 35L, 35R, 25
A 2 .

i - w2




12,

Departure Runway End Links: 183, 113

- 13. Runway Crossing Links: 352, 346, 345, 344, 395,
400, 357, 356, 318, 321.

14, Exit Taxiway Location:

Distance from

' Runway Taxiway Link Threshold (feet)
26L B-4,C-6 489,353 5,800
c-5 354 6,100

' c-4 356 7,400 /

c-3 357 8,400
26R D=2 318 5,000
' c-4 316 6,000
c-3 311 6,900
End 310 7,400
25 D-3 322 3,400

15. Holding Areas: Not applicable.

16, Airline Gates:

Airline
Airline Gate Area

Rocky Mountain

Aspen

United 2
Braniff

Western

Continental 3
Trans World

Ozark

Delta

North Central

Texas International
Frontier

Third Level Carrier

-
W

£

L
1
:

HOLUTE BB W

17. General Aviation Basing Areas:

Name Base Area Code

Combs Aviation GC
Beechcraft Aviation GB
Atlas Aviation GA




c. ATC PROCEDURES

' 18. Aircraft Separations:

Arrival-Arrival Separation (n.m.)

Trail Aircraft Class

, 2 B C D
Lead A l.4 2.3 3.0 3.0
' Aircraft B 1.4 2.4 3.2 3.4
Class C 1.9 3.0 3.6 3.6
D 3.7 5.1 4.5 4.1
' Trail Aircraft Class
A B C D

Lead A 45. 45 55 55
Aircraft B 50 50 60 60
Class C 50 60 60 60

D 120 120 120 90

19. Route Data: See Figure 1.

20. Two-Way Path Data:

Two-way taxiways are located as follows:
1. Taxiway C3

2. Taxiway C4

3. Apron Taxiway to south of Concourse B

8 21. Common Approach Paths:
J l Arrival Aircraft Length of Common
[ Runway Class Approach Path
25 A 1.0
' 26R A 3.0
B 3.0
Cc 5.5
' D 5.5
26L A 5.5
B 5.5
l c 5.5
D 5.5

P S .y

R .




22, Vectoring Delays:

This input normally allocates delays among vectoring o
and holding. With profile descent at Stapleton, holding
b occurs rarely, if ever.

Model input values will be used that preclude holding
for arrival aircraft.

23. Departure Runway Queue Control:

Departure runway assignments will be made to balance
departure queues where appropriate. /S

24, Gate Hold Control: .

Hold aircraft at gate when departure queue at runway
is 10 or more.

i 25. Departure. Airspace Constraints:

Aircraft are not held at gate due to departure airspace
constraints. Flow control constraints from other
Centers do not normally occur.

26. Inter-Arrival Gap:

With this runway use, arrival aircraft are not delayed
in the arrival airspace to release departures.

27. Runway Crossing Delay Control:

. Arrival and departure runway operations are only

y interrupted for a taxiing aircraft to cross an active
runway when the taxiing aircraft is delayed by 5 minutes f
or more.

d. AIRCRAFT OPERATIONAL CHARACTERISTICS

28. Exit Taxiway Utilization:

Exit Utilization (Percent)

A/C B-4
Class c-6 c-5 C-4
Runway A 100
26L B 54 15
} Cc 24 54
D 50




6
A/C
‘ Class D-2 Cc-4 C-3 End
1 Runway A 100 .
i 26R B 44 17 39 ‘
! o 32 47 21 |
D 100
‘ A/C
Class  D-3
' Runway A 100
1 25 B 100 /|
l 29, "Arrival Runway Occupancy Times:
Runway Occupancy Time (Seconds)
-~ A/C -4
. Class C-6 C-5 Cc-4 C-3
H Runway A 60
» ' 26L B 45 60 70
C 41 54 58
D 51 60
| a/c
Class D-2 C-4 Cc-3 End
l Runway A 55
26R B 36 49 61
C 31 47 55
D 60
A/C
Class D-3
Runway A 45
25R B 40

30, Touch & Go Occupancy Times:

Runway Occupancy
Time (Seconds)

Gl SN o N ¥

Aircraft Standard
Class Mean Deviation
A 22 3
B 23 3
) C 27 4
D 27 4




31. Departure Runway Occupancy Times:

Runway Occupancy

' Time (seconds)
Aircraft ‘Standard
Class Mean Deviation

A 23 3

B 26 3

C 37 4

D 37 4

32. Taxi Speeds: 5-30 mph depending on location.

33. Approach Speeds:

l Approach Speed
(Knots)
Aircraft Standard
Class Mean Deviation
A 100 10
B 135 10
Cc 155 10
D 160 10

34, Gate Service Times: Not applicable.

35, Airspace Travel Times: See Table 1.

36. Runway Crossing Times:

Aircraft Runway Crossing
Class Time (Seconds)
A 12
B 14
C 17
D 20

37. Lateness Distribution: See Table 2.

38, Demand: See Table 3.
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Table 1

AIRSPACE TRAVEL TIMES?
(minutes)
Stapleton International Airport
- Stage I Experiments: Input Data

Aircraft Travel time to runways
Fisc Class 8L/8R 17L/17R  26L/26R  25L/35R
KIOWA 1, 2 15 16 12 12
3 18 19 14 14
4 25 26 20 20
KEANN 1, 2 16 13 12 17
3 19 15 14 20
4 26 21 20 28
DRAKO 1, 2 14 11 16 17
3 16 13 18 20
4 23 19 26 28 '
BYSON 1, 2 13 16 16 13 i 8
3 15 19 19 15 ‘]
4 21 27 27 21 }
"Pop-ups" 3 8 8 8 8 §'
4 9 9 9 9

a. Nominal (undelayed) travel times. t

e e rayrart T A P mp—_E. o, - L i




Table 2

ARRIVAL AIRCRAFT LATENESS DISTRIBUTION

(Average deviation from schedule, excluding

delays due to destination’ airport)

Amount of time
late or early

More than 15 min. early
less than 15 min. early
On time

less than 5 minutes late
5 to 10 minutes late

10 to 15 minutes late

15 to 30 minutes late

30 to 45 minutes late

45 to 60 minutes late
more than 60 minutes late

Source: Peat, Marwick, Mitchell & Co., analysis of
data provided by Stapleton Task Force.

Percent of flights
late or early (%)

0
5
24
29
15
9
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Figure 1
TAXIWAY ROUTES:
ARRIVALS ON RUNWAY 8L
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! Figure 1 cont.
TAXIWAY ROUTES:
ARRIVALS ON RUNWAYS 35L & 35R




Figure 1 cont,
' TAXIWAY ROUTES

ARRIVALS ON RUNWAYS 17L & 17R




Figure 1 cont,
TAXIWAY ROUTES:
ARRIVALS ON RUNWAYS 25, 26L & 26R
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Figure 1 cont.
TAXIWAY ROUTES:

DEPARTURES ON RUNWAYS 7, 8L & 8R
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Figure 1 cont.
TAXIWAY ROUTES:
DEPARTURES ON RUNWAYS 17L & 17R
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Figure 1 cont.
TAXIWAY ROUTES:
DEPARTURES ON RUNWAYS 35L & 35R
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Experiment Number: g

¢ 1 b o A e ek o 5

( Input changes from experiment number 2

)
13

SIMULATION MODEL INPUT

DESCRIPTION OF INPUT CHANGE

&. locisvics

1

Us=la

2

Rasdca auxzber saeds

Staze and finiszh tizes

Pring optians

Alzlise aa=ess

Processing optiong

SToacatisza lizics

il [l o]

Tisa switsh

b, Aicfield Phviyical Charactezistics

9 Aicfield network
10 tesber of usways
11 X>way identification
12° Caparzuss suavay end li-ks
13 Ausway csossing links
14 Exit taxiwvay location
1S Z2olding areas
1§ Alrzline gates

17

Generzl aviatioa basing azeas

€. AT ?rocedures

18 Alre-alt saparacidns
19 Routs data
20 “2wo-way path daza
21 Co==on approachk paths
22 Vecturiag delays
23 Sepaz:uve Tuoway quave contIol
24 Gates kold contzol.
25 Depare:Se airscace consTraines
1§ Cegarzure gueus ]
17 Rezway crossizg delay conzzoel ’
d, AizeraZs Coerazicnal Ciaracsesiscics
28 =©mxiz zaxiway utilizazion
29 AzTival ruaway ocsmpancy Tises ~
30 Touch-and-—go Iuaway cesupancy tizes
31 Depac-uTte I=xzway ocsutancy tices
32 Taxi speeds
33 Asproach sbeeds
J4 Cate servica zizes
3S Aizssacs :Tavel tines
- 36 Ruzvay co=s3ing times
317 tateness distoitution
13 Cazand




Experiment Number:_ g ( Input changes from experiment number_ 5 )

L SIMI.JII.ATI_ON. MODEL INPUT , DESCRIPTION OF INPUT CHANGE

1 ‘ . a. Logistics

1 Tizile

2 Rasxdom au=ber seeds
Stast and fizish tines

Pziaz opticns
Alzlise aa=es

2rocesting optioans

“Zz=cation Lizics

Ting switch

mivwlianlw] sl

B. Aizfield Phvsical Charactesistics -
: $ Aiztield network : ‘ Reflect 1985 airfield see network
b . 10 Nu=ber of ruzways

11l Xxx=way identification

12° Daeparturs rucsway end linsks

| 13 Ruzway cTossing links
» | 14 =it saxiway locazion

15 Eolding arsas

1§ Aizline gatas : R
Concourses—E—and-F—inelude

17 Cenezzl aviatica basing acaas all G/A to south side of 8-26

€. ATC ?rogeduses

18 Alzczafs saparacions 1985 ATC scepario.
19 12onta data
20 Twaeway path daza

- 2l Cs==on approach paths
22
bA

Vec:sring dalays

SeparIuiTa Tunway Quaus coatzol

14 GCats %old cantool.

P 23 SeparTusw aisspaces canstraiaty
|

1§ Cezasture guesue

17 2Ruawvay crossi=zg delay canzool

4. Aizcrafs Coerazicnal Charactesistics

21 Ixis caxiway utilicazion

l 29 AsTival ruaway ocTupasncy tiles

30 Tauch-aad-go Iuaway ocsuzancy tiZes

31 CeparTure i=way ocsuzancy tizes

12 Tax:i speeds

. 13 Apmroach speeds

J4 Gace servics “izes

1S Alsszaca =Tavel ticas

- 26 tusway cT:=s233q Sizes

l 17 ‘lataeness distribuzion

W Gemaze 1985_demand see Table 4 _
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', ' Experiment Number: 10 ( Input changes from experiment number_9 )
1 : 20

smﬁtumn' MODEL, INPUT . DESCRIPTION OF INPUT CHANGE

& Logiseica
1 =inle
2 ZRasdoa nuzbar seeds
3 Stazt and finizh tises
4 Print options
$ aAlrlins naces
$
7
3

P?roceasing apeisas
Truzcation linies
Tize switsh

. e

B. AizSiaeld Phvsical Quaracsaristics .
§ Aisfiald netwack
b. 18 Mumbar ‘of Iunwvays
11 Xxway idsasilicatias

12° Degar=uzs sunway end links
Ropway c=oasing liaks
Zxit taxiwvay locacion
Zolding areas
Alzline gatss
Caperal aviatisa basing azsas

o

giejeisie

€. ASC Proceduzes
Alrezafts saparacidns Use IFR separations
Routs data

Twa~vay path dasa
Coxeman Approach patds
Vectoring dalays 4
Departuss Tuoway quaus cenmynl '
Gacs 2old caneral.

Deparzzrs aisspace comstraines i
Saparsire gqusue . 1
37 3uowvay cTossizg dalay conesol

RIR|F|BIREIBE|E

d. Alscrafe Overazicnal Characseristics
28 EIxiz caxiway utilizacion

29 Arzival ruaway oczupascy tinas

38 “Toucheand=go cunway occSupancy tizas
11 Depastu=e fMESway cezigaacy tisas
2
13

“Taxit speeds
Approach speeds
34 Gacs serrics ciams .
15 Aisspace T=avel cioes
- 18 Nunvay cowossziag tizes i
37 lataness distribuszion
12 lemind ) ) All arrivals on Runway 26L » j

- —————— i~



Experiment Number: ]] ( Input changes from experiment number 10 )

SIMULATION MODEL INPUT o DESCRIPTION OF INPUT CHANGE

a. Locistics

1 2izle
Randca nu=bexr seeds
Stast and finish tizes

Princ opticas
Alrline na=es

?roceszing opeions

Sr=acatiog li=isxs

Tiza switzh

slulalun]lealulmw

B. Ai-field Phvsical Ciaractesistics

AizZiald netwark

9
10 W=ber of unways

11 Exmway identification
12

13

Dapaczsosa rfunway end lisks

Rusway e=ossing liaks

14 =xis caxiwvay location
1S 32olding areas
1§ Adirline gates

17 Cenerzl aviaticn basiag aseas

€. ATT 2rocedcores

18 Alzcrals separacicns
Route data
Two=-wvay path daza

Co=—=on approach zaths

Veczoziag delays

Depar:zse IuSway quaue conzIol

Gate hold conwral.

GiejuIn|Re|e

CeparTzse aitsoace canstoiiats

2§ Cezarzuze cueue

17 Reanway czossizg delay canzool

| 4. izesate Coerz=icnal Claracseristics

* 28  =Ixis zaxiway utilizazien

29 sTival ruaway ocsuzancy 2izes

30 “Touch-end-go Iuaway cCISuUSANCY tizes

!
i
i 31 DeparTuzs ImSway oc2utancy tites
!

312 Taxi speeds

33 Approach soeeds

J4 Cate ser7ice =izes

il
| ' 38 Aicszace tTavel tizas
: - 16 Rusway czcssing tizes
i i l 17 ‘lateness distsibuctien

38 Cezaizd ' ) . .
MLBJ.LCAI.:JQ:_ d‘mand by 10% N
i F)
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' I Experiment Number: 3

ki i .
T . , 22
SIMULATION MODEL INPUT L. DESCRIPTION OF INPUT CHANGE
i lagiseics
T T L e
3 Rasdea gusber seeds
- 3 Stact asd fiaishy tizes
- 4 ?Poige aopeions
- § Alslise zases
- § Poocesaing optians
7 “To=meanisg lizisg
- § Tisa swisch
: . Al=field Phvsical c:.a.-:::-:‘.f:: : . /
$ Ai=?lald astwosk ;
] 10 Mmeber of szways
12° DaparToza tusway ead lisks !
- 11 Pumway coosging licks .
- 14 2Zxis saxiuvay lscation :
— 1S BHoldizg assas !
1 Alrlise gatas i
_ 17 Cesezal aviazica basiag asaas :

€., AT Procedcoes o i

18 Airecoade saparacices ) ' |
- 13 Rouzs daca
28 Twa—ay pach-laza
- Il Cs==an apgoroack pachs i
- 22 Vec:=srinag dalays |
23 CaparI=ss stzway guaue cons=ol
- 14 Gacta hnld canesal.
IS JeparTzsm aiszvacs constTainey ] -
- 1§ CaparTm=s qusuas _ . ‘ ]
- 17 Fe=wvay c233is=¢ delay canszol |

+ Alzc=zfe Coerzzicnal taric=eriscics

33 fxis caxiway usilizacion
29

Aszival rusway ocsmpancy tizas

- 38 2Touck-eand-go stsway ccsupancy ticas
31 DOegasT=Ts ITSway ocSurascy tises
,— 12 Taxi speeds
- 33 Apsrcoach spewds
. 14 Gacs sarrics cizag
i 13 Aicspacas cTavel iizas .
. _- 36 Smvay csmasisg cises i

37 ‘Zatessss 4istsiSuszias




d.

INPUT DATA FOR EXPERIMENT NUMBER 4.

LOGISTICS

Title: Stapleton International Airport Airfield
Simulation Model: Stage I Experiments

Random Number Seeds: 2017, 3069, 4235, 5873, 6981,
7137, 8099, 9355, 0123, 1985.

Start and Finish Times: 0830 to 2100

Print Options: Summary run for ten random number seeds.

Airline Names: Name Code
Rocky Mountain RM
Aspen AS
United UA
Braniff BN
Western WA
Continental CO
Trans World T™W
Ozark 0z
Delta DL
North Central NC
Texas International TI
Frontier FL
Third Level Carriers TL

Processing Options: First run to check model input.
Other runs in COMPUTE mode.

Truncation Limits: +3 standard deviations.

Time Switch: Not applicable.

AIRFIELD PHYSICAL CHARACTERISTICS

9.
l0.

11.

Airfield Network: See separate drawing.

Number of Runways: 5

Runway Identification: 8L, 8R, 17L, 17R, 7




12,
13.

Departure Runway End Links: 311,

Runway Crossing Links: 316, 356,

14. Exit Taxiway Location:

15.
16.

17‘

Runwa 4

17L
17L
17R
17R
8L
8L
8L

Holding Areas:

Airline Gates:

Taxiway Link
g-4 107
-2 113
L-4 480
L-1 172
D-2 318
D-3 321/34
D-5 323/34

Not applicable.

Airline

Rocky Mountain
Aspen

United

Braniff

Western
Continental

Trans World

Ozark

Delta

North Central

Texas International
Frontier

Third Level Carrier

General Aviation Basing Areas:

Name

Combs Aviation
Beechcraft Aviation
Atlas Aviation

Gate Area

359, 487

357, 395, 400

Distance from
Threshold (feet)

9,000
12,000

8,000

11,500 /]

2,000

7 3,500
9 6,700

Airline

=

2

w

B

= UT U s WS

Base Area Code

GC
GB
GA




c. ATC PROCEDURES

18, Aircraft Separations:

Arrival-Arrival Separation (n.m.)

Trail Aircraft Class

A B C D

Lead A 1.4 2.3 3.0 3.0

Aircraft B 1.4 2.4 3.2 3.4
Class C 1,9 3.0 3.6 3.6 /

D 3.7 5.1 4.5 4.1

Departure-Departure Separations (Seconds)

Trail Aircraft Class
A B C D

Lead A 45 45 55 55
Aircraft B 50 50 60 60
Class C 50 60 60 60

D 120 120 120 90

19. Route Data: See Figure 1.

20. Two-Way Path Data:

Two-way taxiways are located as follows:
1. Taxiway C3
2. Taxiway C4

21, Common Approach Paths: {
Arrival Aircraft Length of Common
Runway Class Approach Path
17L A 1.0
B 5.5
C 5.5
D 5.5 i
17R A 1.0
B 3.0
c 5.5
D 5.5 ’




22,

23.

24,

25,

26,

27,

Vectoring Delays:

This input normally allocates delays among vectoring
and holding. With profile descent at Stapleton, holding
occurs rarely, if ever.

Model input values will be used that preclude holding
for arrival aircrafct.

Departure Runway Queue Control:

Departure runway assignments will be made to balance
departure queues where appropriate.

Gate Hold Control:

Hold aircraft at gate when departure queue at runway
is 10 or more.

Departure Airspace Constraints:

Aircraft are not held at gate due to departure airspace
constraints. Flow control constraints from other
Centers do not normally occur.

Inter-Arrival Gap:

With this runway use, arrival aircraft on 86 are delayed
in the arrival airspace to release departures on 8L when
the departure delays exceed 10 minutes. . .

Runway Crossing Delay Control:

Arrival and departure runway operations are only
interrupted for a taxiing aircraft to cross an active
runway when the taxiing aircraft is delayed by 5 minutes
or more.

26




e

d. AIRCRAFT OPERATIONAL CHARACTERISTICS

28, Exit Taxiway Utilization:

Exit Utilization

(Percent)
A/C
Class #-4 #=2
Runway A 100
17L B 100
o 90 10
D 90 10
A/C
Class I-4 L-1
Runway A 100
17R B 100
C 80 20
D 80 20

29, Arrival Runway Occupancy Times:

Runway Occupany Time

(Seconds)
A/C
Class Z2-4 B-2
Runway A 47
17L B 50
Cc 65 80
D 65 80
A/C
Class L-4 L-1
Runway A 46
17R B 45
C 65 80
D 65 80

b




30. Touch & Go Occupancy Times:

]
Runway Occupancy
Time (Seconds)
Aircraft Standard
' Class Mean Deviation
A 22 3
i B 23 3
C 27 4
D 27 4
31. Departure Runway Occupancy Times: /
Runway Occupancy
Time (Seconds)
Aircraft Standard
Class Mean Deviation
* A 23 3
B 26 3
c 37 4
D 37 4
32, Taxi Speeds: 5-30 mph depending on location.
‘ 33. Approach Speeds:

Approach Speed

(Knots)
Aircraft Standard
Class Mean Deviation
A 100 10
B 135 10
C 155 10
D 160 10

34, Gate Service Times: Not applicable,

35, Airspace Travel Times: See Table 1.

Rt e T o Mg 2T ¥ T IO
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29

36. Runway Crossing Times:

Aircraft Runway Crossing
Class Time (Seconds)
A 12
B 14
c 17
D 20

37. Lateness Distribution: See Table 2,

38. Demand: See Table 4.
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RESIESES S

Experiment Number: 29 ( Input changes from experiment number 4 )
: 31

SIﬁﬁiATIDN.MODEL INPUT L 'DESCRIPTION OF INPUT CHANGE

&s Locisciecs
1 uizls

Razdon numbar seeds

Start and finish tises

Prizc optisas

Alzling nanes

Proceasing opelons

Tmmcacion lizics

*ine awitch

L AR IR

B. Alzfield Phrvsical Ciuaractesistics .-

1 -_—— -

, 3 Aizfiald nscwark . : Ext. 26R East to equal 26L length

10 Nu=ber 'gf runways
Rmway {dantificacion

o

12° Depas=nss Tuaway end lisks
13 Ruavay cossing links

14 Exiz taxiwvay location
13
1s
17

Ealding arsas
Alzline gates
Caneral aviatica basing aceas ;

€., AT Procedures

Alrerats separacicns ,
Routs data .
Two-wvay path data %
Commsn approach pachs
Vectoziag delays

SOV

SepartuTs runway quaue control
Gata hold cameral.

Dapare=re airsoacs conytoaiacs
Qeparture queus. . )

F 17 S=awvay crassizg dalay csatsol

R RjuIRIEIBIGIE

d. Alserafe Overazicnal Claracsesistics
o 28 Ixis taxiwvay usilizacion
29 Arzival suaway cezmpancy cines
30 Tsuch=and=-9go sunway ocSuBAncY ticas
31 DepazTuzs rinwvay cesupancy Sisas
32 Taxi speeds
33 Approach speeds
34 Gats ser7ics =iass .

] 33 Aicspaes s=avel ziszas
- 38 Maway cTussing tizas
37 lataness digt=ibyuszion
I8  lemsmd ' ) JReassign Air Carrier Departures to use both
{8L and S8R

TS ke AN e
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* l Experiment Number: 30 ( Input changes from experiment number_ 4 )

32

l SIMULATION MODEL INPUT o DESCRIPTION OF INPUT CHANGE

4. Logiseics
LI =izla
2 Random ouzbar saeds
3 Stars and fiaish tinaes
4 7Prist opticas
l ,
L]
?
]

Alrlina nazes
Procassiag opeiasas
SSxscacion lizdes
Ting switch

} B. Alirfigld Phviical Qlaractasistics - /
9 Aisfield nstwazk . ) Ext Taxiway D-1 from D-2 to C-2

. 19 Number of runways

L1 »xmay idastification ‘
12° DepasstTs runway ead links Additional end link
13 Rnvay cossing links
4 Exit taxivay locazianm
13 Bolding armas
1s
2

Aizline gatas
Ganeral aviaticn basiag a=sas

g, ATC Procedures
Aisczaft separacidna
Routs data -§ Additional Routeg
Two-way path data

Cammon approach pathks
Vectoriag delays

Dapartu=s runway quaus coactTel
Gata hold cancznl.

Dapareszse alsssace ceastraines
Caparsurs queus .

funway crossizy dalay coatsol

IR I I E Y R L 1S

‘ d. Alccrafe Onmerasicnal Quazacteristics
18 =Ixis caxiway utilisacion
’ 29 Azvival rusway ocsupancy tizes
38 Touchwand-gu Sutaway occupancy tisas
31 Oepar==Te m=way cesSupancy tines

' 32 Taxi speeds

33 Approach speeds

34 Gatcs sarrics =iams .
I 13 Airspaca 2=avel ises

- 36§ Nunway cTussisq sioas

|' l 17 Zataness disesinyzica
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INPUT DATA FOR EXPERIMENT NUMBER 15.

a. LOGISTICS

l. Title: Stapleton International Airport Airfield
Simulation Model: Stage I Experiments

2. Random Number Seeds: 2017, 3069, 4235, 5873, 6981,
7137, 8099, 9355, 0123, 1985.

3. Start and Finish Times: 0830 to 2100

4. Print Options: Summary run for ten random number seeds.

5. Airline Names: Name Code
Rocky Mountain RM
Aspen AS
United UA
Braniff BN
Western WA
Continental Cco
Trans World ™
Ozark 0z
Delta DL
North Central NC
Texas International TI
Frontier FL
Third Level Carriers TL

6. Processing Options: First run to check model input.
Other runs in COMPUTE mode.

7. Truncation Limits: +3 standard deviations.

i 8. Time Switch: Not applicable,.

I b. AIRFIELD PHYSICAL CHARACTERISTICS

9, Airfield Network: See separate drawing.

l 10. Number of Runways: 2

11. Runway Identification: 35L, 35R

——= e — o —
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12. Departure Runway End Links: 183,

13. Runway Crossing Links: 187, 481

14. Exit Taxiway Location:

Runway

35R
35R
35L
35L
35L
35L

15. Holding Areas:

16. Airline Gates:

Taxiway Link
-6 104
g-5 106
L-9 188
L-8 414
L-7 177
L-6 179

Not applicable.

Airline

Rocky Mountain
Aspen

United

Braniff

Western
Continental

Trans World

Ozark

Delta

North Central

Texas International
Frontier

Third Level Carrier

17. General Aviation Basing Areas:

Name

Combs Aviation
Beechcraft Aviation
Atlas Aviation

34

113

Distance from
Threshold (feet)

9,000
6,300
11,500
7,500
6,000
5,600

Airline

Gate Area

o
b

W
w

w

[l S LIS RV B S o
>

Base Area Code

GC
GB
GA




' c. ATC PROCEDURES

18. Aircraft Separations:

Arrival-Arrival Separation (n.m.)

Trail Aircraft Class

A B C D

Lead A 3 3 3 3

Aircraft B 3 3 3 3

; Class C 3 3 3 3
i D 4 4 3 3

Departure-Departure Separations (Seconds)

} , Trail Aircraft Class

.. A B C D
‘ Lead A 60 60 60 60

’ Aircraft B 60 60 60 60
Class C 60 60 60 60

| D 120 120 120 90

l 19. Route Data: See Figure 1,

' 20. Two-Way Path Data:
‘ Two-way taxiways are located as follows:
F 1. Taxiway C3
2, Taxiway C4
l

21. Common Approach Paths:

Arrival Aircraft Length of Common
Runway Class Approach Path

35R

DQAWPUOO L
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22,

23.

24,

25,

26,

27.

SO — oy
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Vectoring Delays:
This input normally allocates delays among vectoring
and holding. With profile descent at Stapleton, holding
occurs rarely, if ever,
Model input values will be used that preclude holding
for arrival aircraft.
Departure Runway Queue Control:
Departure runway assignments will be made to balance /'
departure queues where appropriate. i
Gate Hold Control:
Hold aircraft at gate when departure queue at runway
is 10 or more. |
Departure Airspace Constraints:
Aircraft are not held at gate due to departure airspace
constraints. Flow control constraints from other
Centers do not normally occur,
Inter-Arrival Gap:
With this runway use, arrival aircraft are delayed in
the arrival airspace when departure delays exceed
10 minutes.
Runway Crossing Delay Control:
Arrival and departure runway operations are only
interrupted for a taxiing aircraft to cross an active
runway when the taxiing aircraft is delayed by 5 minutes
or more,
N

e R o nidaa b o T IR




' M. AN bt it ene btz
"'
! l l

d. AIRCRAFT OPERATIONAL CHARACTERISTICS 3

28, Exit Taxiway Utilization: 1

Exit Utilization
(Percent) i
A/C
Class %-5 2-6
Runway A 100 [
35R P 100 1‘
c 85 15
D 80 20
A/C
Class L-6 L-7 L-8 L-9
Runway A 100
35L B 100
o 15 75 10
D 85 10 5
29. Arrival Runway Occupancy Times:

Runway Occupany Time

(Seconds)
A/C
Class -5 Z-6
Runway A 60
35R B 65
C 68 88
| D 68 88
A/C
' Class L-6 L-7 L-8 -9
Runway A 58
35L B (X
l C 60 66 78
D 66 78 90




30, Touch & Go Occupancy Times:

Aircraft

Class

oQw»

31. Departure Runway O

Runway Occupancy
Time (Seconds)

Standard
Mean Deviation
22 3
23 3
27 4
27 4

ccupancy Times:

Aircraft

Class

o0 w»

32, Taxi Speeds:

33. Approach Speeds:

Aircraft

Class

o0 wy

Runway Occupancy
Time (Seconds)

Standard
Mean Deviation
23 3
26 3
37 4
37 4

mph depending on location.

Approach Speed

(Knots)
Standard
Mean Deviation
100 10
135 10
155 10
160 10

34, Gate Service Times: Not applicable.

35. Airspace Travel Times: See Table 1.

aniindesiitn

ot rns Y
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36. Runway Crossing Times:

Aircraft Runway Crossing
Class Time (Seconds)
A 12
B 14
C 17
D 20

37. Lateness Distribution: See Table 2.

38, Demand: See Table 4,

30
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Experiment Number: 33 ( Input changes from experiment number_ 15 )

40

| SIMﬁLATIDN'MODEL INPUT . DESCRIPTION OF INPUT CHANGE

A, Logistics

L =iole
Randem cuzbar saeds
Stazz and finisgh tinaes
Print opticns
Alzlizs names
Processing optians
S=mmeatioa lLizmiss
Tina switeh

il elde] o

B. Airfield Phvsical Characmesistics .
3 Aiz2ield nezwark
10 Nu=ber of cumways
L, Bxmway idaneification
12° Daparzc=cos cunway end links
13 hRuaway cossing links
4 Ixiz zaxiwvay locatien
1S BEolding arsas
1§ Alrline gatas
17 GCazeral aviazion basiag arsas

€., AT Pracedures

Alzezalz saparazisns Tighter Departure-Arrival Sevaration
Routa data

Twe—vay path daca

Cloman approack pathy
Veczoriag dalays

SepartuTa runway quaus csaczol
Gata kold canmt=zal.

Deparezsa airspace conscmaints
Caparsurs quaus ]

Innwvay cressizg dalay conesol

SIR I R R - E A RS

d. Aicezafe Qoerazzicnal Qlaracrerissics

28 =Dxiz caxiway utilizavion

29 Srival fusway oezuPancy cizes Reflect ASDE
30 “Tsuch-and-go S2nway occupancy ticas

31 SesarTuss r=away cesupancy tines Reflect ASDE
2 Taxi speeds

33 Aporoach spesds

34 Gaca serTics tizas

18 Aicspacs ==avel zisag

- 3§ “unway cTmssing simes
17 lLactaness distTibuzion

13 Semind . : All Arrivals on Runway 35R

1Y Navaviiiyac A Divngavy IRT




INPUT DATA FOR EXPERIMENT NUMBER 18.

a. LOGISTICS

,,.
i

: 1. Title: Stapleton International Airport Airfield
; Simulation Model: Stage I Experiments
3

' 2. Random Number Seeds: 2017, 3069, 4235, 5873, 6981,
7137, 8099, 9355, 0123, 1985.

3. Start and Finish Times: 0830 to 2100 Y.

4. Print Options: Summary run for ten random number seeds.

5. Airline Names: Name Code
Rocky Mountain RM
Aspen AS
United UA
Braniff BN
Western WA |
Continental CO
Trans World ™™
Ozark 0z
Delta DL
North Central NC
Texas International TI
Frontier FL
Third Level Carriers TL

6. Processing Options: First run to check model input.
Other runs in COMPUTE mode.

7. Truncation Limits: +3 standard deviations.

8. Time Switch: Not applicable.

b. AIRFIELD PHYSICAL CHARACTERISTICS

9, Airfield Network: Ses separate drawing.

10. Number of Runways: 2

11. Runway Identification: 17L, 17R




12,

13,

14.

15.

16,

17.

Departure Runway End Links: 188,

Runway Crossing Links: 188

Exit Taxiway Location:

Runway Taxiway Link
17L 2-4 107
17L -2 113
17R L-4 480
17R L-1 172

Holding Areas: Not applicable.

Airline Gates:

Airline

Rocky Mountain
Aspen

United

Braniff

Western

Continental

Trans World

Ozark

Delta

North Central

Texas International
Frontier

Third Level Carrier

General Aviation Basing Areas:

Name

Combs Aviation
Beechcraft Aviation
Atlas Aviation

42

Distance from
Threshold (feet)

9,000
12,000

8,000 /
11,500

Airline
Gate Area

]
w
v

-

U OTUL A s W NS

Base Area Code

GC
GB
GA
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c. ATC PROCEDURES
18. Aircraft Separations:
Arrival-Arrival Separation (n.m.)
Trail Aircraft Class
A B C D
Lead A 1.9 1.9 1.9 1.9
Aircraft B 1.9 1.9 1.9 1.9
Class ¢ 2.7 2.7 1.9 1.9 /
D 4.0 4.0 3.0 2.7

Departure~-Departure Separations (Seconds)

Trail Aircraft Class
A B C D

Lead A 35 35 45 50
Aircraft B 35 35 45 50
Class C 50 50 60 60

D 120 120 120 90

19. Route Data: See Figure 1.

20. Two-Way Path Data:

Two-way taxiways are located as follows:
1. Taxiway C3
2. Taxiway C4

21, Common Approach Paths:

Arrival Aircraft Length of Common
Runway Class Approach Path
17L A 1.0
B 5.5
c 5.5
D 5.5
17R A 1.0
B 3.0
c 5.5
D 5.5

- B AR,




b

22.

23.

24.

25.

26.

27.

44

Vectoring Delays:

This input normally allocates delays among vectoring
and holding. With profile descent at Stapleton, holding
occurs rarely, if ever.

Model input values will be used that preclude holding
for arrival aircraft.

Departure Runway Queue Control:

Departure runway assignments will be made to balance Y,
departure queues where appropriate.

Gate Hold Control:

Hold aircraft at gate when departure queue at runway
is 10 or more.

Departure Airspace Constraints:

Aircraft are not held at gate due to departure airspace
constraints. Flow control constraints from other
Centers do not normally occur.

Inter-Arrival Gap:

With this runway use, arrival aircraft are delayed in
the arrival airspace when departure delays exceed
10 minutes.

Runway Crossing Delay Control:

Arrival and departure runway operations are only
interrupted for a taxiing aircraft to cross an active
runway when the taxiing aircraft is delayed by 5 minutes
or more.




d. AIRCRAFT OPERATIONAL CHARACTERISTICS
28. Exit Taxiway Utilization:
1 E Exit Utilization
(Percent)
] t A/C
. Class Z-4 3=-2
3
Runway A 100
i 17L B 100 A
' C 90 10
[ D 90 10
E ‘ A/C
- Class L-4 L-1
] Runway A 100 ]
ﬁ 17Rr B 100
» c 80 20 %
! > D 80 20 ]
i

' 29. Arrival Runway Occupancy Times:

RRETeT et St ol

Runway Occupany Time

‘ (Seconds)
A/C
Class -4 g-2
) Runway A 47
17L B 50
C 65 80
| D 65 80
A/C
l Class L-4 L-1
Runway A 46
17R B 45
l C 65 80
D 65 80
»
e st ——— -  pend - . L




30. Touch & Go Occupancy Times:

Runway Occupancy
Time (Seconds)

Aircraft Standard
Class Mean Deviation
A 22 3
B 23 3
C 27 4
D 27 4

31. Departure Runway Occupancy Times:

Runway Occupancy
Time (Seconds)

Aircraft Standard
Class Mean Deviation
A 23 3
B 26 3
C 37 4
D 37 4

32. Taxi Speeds: 5-30 mph depending on location.

33. Approach Speeds:

Approach Speed

(Knots)
Aircraft Standard
Class Mean Deviation
A 100 10
B 135 10
C 155 10
D 160 10

34. Gate Service Times: Not applicable.

35. Airspace Travel Times: See Table 1.




47 .
36. Runway Crossing Times: é
Aircraft Runway Crossing
Class Time (Seconds)
A 12 !
B 14
C 17
D 20 j
37. Lateness Distribution: See Table 2. /
38. Demand: See Table 4.
%
|
i
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' l Experiment Number: 33 ( Input changes from experiment number 18 )
48
SIMULATION MODEIL INPUT . DESCRIPTION OF INPUT CEANGE

& Logiseics
1l 2irle

2 fasdom acmber saeds

3 Sease and fizish tisas

4 rPrise optians

S Alrline nasas

¢

7

|

Proceasiag optisas
TTumcacion liaies
Timm switch

5. Alzfteld Phvaical Quaractesisedes -
3 Aizfiald netwerk . ' Include High Speed Exit-Runway 17L
. 10 Nmbder of Ttaways
) 1l Z2oxway ldescilication
' 13 Deparsuse runway and lisks
13 fRonwvay crossing links
14 Exit taxivay location Include High Speed Exit=-Runway 17L
15 Eolding azmas
1§ Alrxiine gates
17 Ganeral aviazion basing azmas

€. AIC Prncederey

Alye=afz saparacidas
Rouca data .} Include High Speed Exit-Runway 17L
Two-wvay path dasa

Cosmen approach pathy
Veczoring dalays

Separsuss runway quaue csatTol
Gats hold camexal ‘
Capartazae airspace constraines !
26 Bapar=urs quUeua _

17 Iuawvay czossiag dalay conesol

Girjunieieicis

4. Airerafe Cmeratisnal Charac=eristics
28 Exiz zaxiway utilizacion Include High Speed Exit-Runway 17L

i 29 Aszival feaway cccupancy ises Include High Speed Exit-Runway 17L

36 “Tsouch-end—9o Tumaway coccupancy tizas

31 OCegarsTuca Iusway oesSupaacy isas

' 12 Taxi speeds

4 13 Approach speeds

I 34 Gasa serTics uiams

1S Aisspaca z=avel zisas

N - 16 Munwvay cTusziag sizes
' 37 Latasess disctTidusion
18 Zemise '
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INPUT DATA FOR 1978 ANNUAL DELAY EXPERIMENT

1. Annual Demand: 465,946 (1977)

j 2. Group Specification: J
‘ 3 day groups : High, Average, Low
: 12 week groups : 12 months, January through December
Q 3 weather groups: VFR, IFR1l, IFR2
7 runway uses : Arrivals Departures ,
i Runway Runway /
1. 25, 26 35
. 2. 35R 35L
3. 17 7, 8
4, 25, 26 26 ]
5. 8 35
| 6. 17 17
7. 8 7, 8

. 3. Weekly Traffic:

) Week Group 1 2 3 4 S 6 7 8 9 10 11 12

l % of annual
in one week 1.84 1,88 1.84 1.81 1.80 1.95 2.03 2.11 2.01 1.91 1.86 1.96

I 4, Number of Weeks in Each Group:

Week Group 1 2 3 4 5 6 7 8 9 10 11 12

' Number of
weeks 4.43 4,00 4.43 4.29 4.43 4.29 4.43 4.43 4.29 4.43 4.29 4.43
’ ' 5. Daily Traffic:
i
: l Day Group 1 2 3
% of weekly in
' one day 14,9 14.5 13.4
J




50 ‘f
6. Number of Days in Each Group:
Day Group 1 2 3
Number of Days 2 3 2
7. Weather Group Demand Factors:
VFR: 1.00
IFRl: 0.75
IFR2: 0.50
8. Weather Occurrences: /-
Week Group 1 2 3 4 5 6 7 8 9 10 11 12
% VFR 97.5 95.1 95.6 95.7 98.9 99.6 99.5 99.6 99.1 97.6 97.1 97.5
% IFR1 1.3 1,7 2.1 2.1 0.4 0.1 0.2 0.1 0.1 0.7 1.4 1.0
% IFR2 1.2 3,2 2.3 2,2 0.7 0.3 0.3 0.3 0.8 1.7 1.5 1.5
9. Hourly Runway Capacity:
1
Hourly Capacity
Runway Use VFR IFR IFR
1 170 75 71
2 85 74 70
3 137 74 71
4 95 74 70
5 150 76 71
6 83 74 70
7 93 74 70
10. Runway Use Occurrences:
Percent Occurrence
Runway Use VFR IFR1 - IFR2
1 60.00  2.50 2.50 ]
2 - - 1.00
3 22,00 0.05 0.05
4 3.00 - -
5 4,00 0.05 -
6 2.00 - -—
7 1.50 - -
Other runway
uses 1.35%




e

11.

12,
13.

14.

15.

l6.

Hourly Traffic:

% daily % daily % daily % daily
Hour traffic Hour traffic Hour traffic Hour traffic
00-01 0.8 06-07 1.8 12-13 7.8 18-19 6.5
01-02 0.6 07-08 4.5 13-14 5.9 19-20 5.7
02-03 0.1 08-09 5.5 14-15 7.2 20-21 4.1
03-04 0.4 09~-10 7.0 15-16 5.3 21-22 4.1
04-05 0.4 10-11 6.8 16-17 5.9 22-23 3.5
05-06 1.4 11-12 6.1 17-18 6.2 23-24 2.4

Demand Profile Factor: 35%

Runway Use Demand Factor:

All runway uses accommodate air carrier and general
aviation demand (Demand factor = 1.0)

Aircraft Mix: 19% Class
21% Class
51% Class
9% Class

o 0wy

Percent Arrivals:

Hour % Arrivals Hour % Arrivals Hour % Arrivals Hour % Arrivals
00-01 50 06-07 50 12-13 45 18-19 50
01-02 50 07-08 50 13-14 53 19-20 51
02-03 50 08-09 58 14-15 42 20-21 49
03-04 50 09-10 52 15-16 50 21-22 50
04-05 50 10-11 50 16-17 S1 22-23 50
05-06 50 11-12 56 17-18 64 23-24 50

User-Specified Title: SIA ANNUAL BASELINE

i S s i, T

e e
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PrAT, MARWICK, M1TcHELL & Co.
P. 0. BOX 8007

SAN FRANCISCO INTERNATIONAL AIRPORT
SAN FRANCISCO, CALIFORNIA 94128

Telephone: (415) 347-9521

August 29, 1978

Mr. Ray Fowler, AEM-100

Federal Aviation Administration
800 Independence Avenue, S.W.
Washington, D.C. 20591

Re: Data Package No. 4 for Stapleton Delay Experiments

Dear Ray:

Enclosed is data package No. 4 for Stapleton International
Airport. The package contains the results of the Stage 1
delay experiments (Attachment A), input data revisions
(Attachment B), and a suggested set of Stage 2 experiments
(Attachment C). This data package should be reviewed by
the Stapleton Task Force during the August 31, 1978 Task

Force meeting.
Sincerely,
/ﬁ_(_—
Stephen L. M. Hockaday
Manager

SLMH/jc
Enclosure

cc: Mr. J. R. Dupree (ALG-312)
Mr. F. Jaeger (ARM~4)
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RESULTS OF STAGE 1 DELAY EXPERIMENTS
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! STAPLETON INTERNATIONAL AIRPORT
§ Airport Improvement Task Force Delay Studies

Peat, Marwick, Mitchell & Cé.

August 1978




STAGE 1 EXPERIMENTS
Page Experiment Arrival Departure ATC
Number Number Model Runways Runways Weather  Demand Scenario Near-Term Improvements
, 3 2 ASM 25-26L-26R 35L-35R VFR1 1978 1978 1978 - Baseline 1978
7 4 ASM 17L-17R 7-8L-8R VFR1 1985 1978 1985 - Baseline 1985
10 8 ASM 25-26L-26R 35L-35R VFR1 1978 1978 Metering Rate = 60/hr- i
Runway 26R equal 26L in length ;
12 9 ASM 25-26L-26R 35L-35R VFR1 1985 1985 1985 - Baseline 1985
15 10 ASM 26L 35L-35R IFR]1 1985 1985 1985 - Baseline 1985
18 11 ASM 26L 35L-35R IFR1 1985 1985 Reduce Air Carrier Demand by 10%
20 13 ASM 25--26L~26R 35L-35R VFR1 1985 1985 Reduce GA by S50%
22 Al ADM N.A. N.A. N.A. 1978 1978 1978
26 15 ASM 35L-35R 35L-35R IFR2 1985 1985 1985 - Baseline 1985
28 18 ASM 17L-17R 17L.-17R VFR1 1985 1985 1985 - Baseline 1985
; 30 29 ASM 17L-17R 7-8L~-8R VFR1 1985 1978 Ext. 26R East to equal 26L length X
 ; 33 30 ASM 171~-17R 7~-8L-8R VFR1 1985 1978 Ext. Taxiway D-1 from D-2 to C-2
36 31 ASM 35R 35L IFR2 1985 1985 ASDE

38 33 ASM 17L-17R 17L-17R VFR1 1985 1985 High Speed Exit-Runway 17L

e~
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Experiment No. 2

Objective:

To obtain 1978 baseline delay estimates for the following
runway use in VFR 1 weather:

Arrival Runways ' Departure Runways

25-26L-~26R 35L=-35R

Related Comparison Experiments:

Experiment 8 estimates the delay impact of an arrival air-
craft metering rate of 45 per hour.

Results:

Figure 2A shows that total aircraft flows vary from 38 to
124 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1200 to 1300 hours and contains 52 arrival
aircraft and 72 departure aircraft.

Figure 2B shows that average delays to aircraft using the
runways are as high as 4.7 minutes per aircraft. Peak hour
average delays are 0.8 minutes for arrival aircraft and 4.7
minutes for departure aircraft.

Figure 2C shows that average delays to aircraft using the
taxiways are negligible.

Figure 2D shows that average aircraft taxi travel times vary
from 2.6 to 8.0 minutes. Peak-hour average taxi travel
times are 3.3 minutes for arrival aircraft and 8.0 minutes
for departure aircraft.

Figures 2E and 2F show variation of runway flow rates and
delays by 15-minute period.
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Experiment No. 4

Objective:

To obtain 1978 baseline delay estimates for the following
runway use in VFR 1 weather:

Arrival Runways Departure Runways

17L-17R-8L 7-8R

In this experiment, the temperature is assumed to be high
enough to preclude jet departures from Runway 8L.

Related Comparison Experiments:

Experiment 29 estimates the delay impact of the availability
of Runway 8L for all jet departures (due to runway extension
and/or low temperatures).

Results:

Figure 4A shows that total aircraft flows vary from 27 to
117 aircraft per hour over the 16 hour simulation run., The
peak hour is from 1100 to 1200 hours and contains 58 arrival
aircraft and 59 departure aircraft.

Figure 4B shows that average delays to aircraft using the
runways are as high as 3.3 minutes per aircraft. Peak hour
average delays are 2.1 minutes for arrival aircraft and 1.9
minutes for departure aircraft.

Figure 4C shows that average delays to aircraft using the
taxiways are negligible.

Figure 4D shows that average aircraft taxi travel times vary
from 1.3 to 5.8 minutes. Peak hour average taxi travel times
are 3.6 minutes for arrival aircraft and 5.1 minutes for
departure aircraft.
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FIGURE 4A--RUNWAY FLOW RATES

!

. . ' .
e e e e —
' ¢ . N
. '

1
|
‘
]
!
{
!

'

\
/ ~ ~
T~
e e U JRN SR S /(AI Ic _A
N \
(=] o (=] Q [=] o o
< o~ . o - -] O - N
- L -
INOH I9d 3IFRIDATY
B NG . S

Hour Beginning

FIGURE  4B--RUNWAY DELAYS

11

Depaftufe

' / o
—e—de g ae m ' —
| e A
T _ 1
L - S T R , .MA N
t H 5 R
Y S - . - —_ N |
LRI
o S e S A i S S et e £ jr : ©
! \
_ SO U SR DRSSV NS SN [ SR (R NN
; ] m
S SSORINN IV AU B ~
[ J . H
. R
. v
< ~ o © o -« ~ o
- ~ r

Ke1ag 3o sajnu
. L L4 a— -

Hour Beginning

TN e B




19 .

9

i
Pl
i
|
|
i
L
|
!
Tt
20 21

o

|

-
o
20 21

i

19
Departure

-
Arrival

18
18

‘\/

16 17

B
'
' v

|
1
l
1
1
10

(%2) .
wm !
v — - ! :
> ] | ' - b
M e e} ' . . ['2] _rnl.. - - R . 2!
wl _ | ! 1 — —.-Ir_.._— ! - . -
DA N , _ ! m ._ i o) = JR e i _v o
ORI B N <5 & Ll b 5
= | _ O ~ g =~ o m g
= e bbb - N _ E
P = N o
M ! m o = A ; M
= R "S- M s
FI-U [N TR " m —— \,Iilll.m - - ‘ﬂ "
N B OO S o~ 3 ! 4 _ u i nnw
S el o :
) l.ll:q... > —f— - i “ i
R 1 E . N -Knu' - I R
= | !
(L) ﬁ (a4 ! |
— - - - !
[&a) ; |
. H T-lﬁlll |
: |
|
]

: T e ek w
m . A o i
” © “.il‘- U N B \% -;).L__.}
— e e e e B
AU S SUUSY SR SV NENSN SUN PR - i ~ BN RN SR S S
_ : R R _
. 0

© 7] - o~ o ] 0

Ke{9q O S9INUTH BUTL TXel FO Bajn

14
12
10

o
-4
R aEam — —— —




P

, T o P P N PR TS SR

L e J‘NQ.I”

10

Experiment No. 8

Objective:

To estimate the delay impact of an arrival aircraft metering
rate of 45 per hour.

Related Comparison Experiments:

Experiment 2 is the 1978 baseline for the comparison.

Results:

Figure 8A shows that total aircraft flows vary from 37 to

125 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1200 to 1300 hours and contains 55 arrival
aircraft and 70 departure aircraft. 36 of the arrival aircraft
were metered during the peak hour,

Figure 8B shows that average delays to aircraft using the
runways are as high as 4.7 minutes per aircraft. Peak hour
average delays are 1.7 minutes for arrival aircraft and 4.2
minutes for departure aircraft. The 1.7 minutes average peak
hour arrival delay consists of 1.2 minutes of delay in the
terminal airspace and 0.5 minutes average metering delay.*

Comparison of these flows and delays with the runway flows
and delays for Experiment 2 shows that the arrival metering
rate of 45 aircraft per hour causes a slight increase in
overall arrival delays (0.3 minutes in the peak hour) and a
slight reduction in arrival delays in the terminal airspace.

*The 0.5 minutes average peak hour metering delay is computed
as if all aircraft were metered. In fact 36 metered aircraft
received an average of 0.8 minutes of metering delay and
19 non-metered aircraft received no metering delay.
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Experiment No. 9

JEVRRTONEIRRUPES ST

Objective:

To obtain 1985 baseline delay estimates for the following
runway use in VFR ]l weather:

-t

Arrival Runways Departure Runways

25-26L~-26R 35L-35R

Related Comparison Experiments:

Experiment 13 estimates the delay impact of a 50% reduction
in general aviation activity.

Results:

Figure 9A shows that total aircraft flows vary from 28 to
117 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1000 to 1100 hours and contains 58 arrival
aircraft and 59 departure aircraft.

Figure 9B shows that average delays to aircraft using the
runways are as high as 4.1 minutes per aircraft. Peak hour
average delays are 1.5 minutes for arrival aircraft and

3.9 minutes for departure aircraft.

Figures 9C and 9D show variation of runway flow rates and
delays by 1l5-minute period.
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Experiment No. 10

Objective:

To obtain 1985 baseline delay estimates for the following
runway use in IFR 1 weather:

Arrival Runways Departure Runways

26L 35L

Related Comparison Experiments:

Experiment 11 estimates the delay impact of a 10% reduction
in air carrier demand.

Results:

Figure 10A shows that total aircraft flows vary from 19 to
87 aircraft per hour over the 16 hour simulation run. The
peak hour in terms of flow is from 1200 to 1300 hours and
contains 33 arrival aircraft and 54 departure aircraft.

Figure 10B shows that average delays to aircraft using the
runways are as high as 279 minutes per aircraft. Average
departure delays range from 0 to 9.3 minutes, while average
arrival delays increase continually over the day to 279 minutes
by the end of the 16 hours.

These very high arrival delays are due to an excess of demand
over capacity, as evidenced in Figure 10C. 1In practice, IFR
weather rarely occurs for 16 hours straight. In any event,
delays of 279 minutes are unrealistic as cancellations and
diversions would occur before delays build up to this level.
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Experiment No. 1l

Objective:

To estimate the delay impact of a 10% reduction in air
carrier demand.

R e o 2

Related Comparison Experiments:

Experiment 10 is the 1985 baseline for comparison.

Results:

Figure 1l1lA shows that total aircraft flows vary from 0 to
86 aircraft per hour over the 16 hour simulation run. The
peak hour in terms of flow is from 1000 to 1100 hours and
contains 34 arrival aircraft and 52 departure aircraft.

Figure 11B shows that average delays to aircraft using the
runways are as high as 202 minutes per aircraft. Departure
delays range from 0 to 4.7 minutes, while arrival delays
increase continually over the day to 202 minutes by the end

of the 16 hours. These very high arrival delays are due to
an excess of demand over capacity, as evidenced in Figure 10C.
In practice, IFR weather rarely occurs for 16 hours straight.
In any event, delays of 202 minutes are unrealistic as cancel-
lations and diversions would occur before delays build up to
this level.

Comparison of the delays between 1000 and 1100 hours with
corresponding delays for Experiment 10 shows that delays are
reduced by 14% for arrival aircraft and 60% for departure
aircraft. These percentages vary significantly from hour to
hour,
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FIGURE 11A--RUNWAY FLOW RATES
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Experiment No. 13

Objective:

To estimate the delay impact of a 50% reduction in general
aviation demand.

Related Comparison Experiments:

Experiment 9 is the 1985 baseline for comparison.

Results:

Figure 13A shows that total aircraft flows vary from 18 to
106 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1000 to 1100 hours and contains 53 arrival
aircraft and 53 departure aircraft.

Figure 13B shows that average delays to aircraft using the
runways are as high as 4.4 minutes per aircraft. Peak

hour average delays are 1.5 minutes for arrival aircraft and
3.0 minutes for departure aircraft.

Comparison of these delays with the delays for Experiment 9
shows that small savings in delays (0 to 1 minute) can be
obtained by a 50% reduction in general aviation demand. The
savings are small because delays were also small in the base-
line case. Larger savings would occur in IFR weather.




FIGURE 13A--RUNWAY FLOW RATES
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qf Experiment No. Al

Objective:

To determine average annual delays to aircraft in 1978. 11

Related Comparison Experiments: E B

5 l None in Stage 1.
l Results:
With an annual demand of 512,500 operations, average annual
delays were estimated to be 1.8 minutes per aircraft.
l Seventy-one percent of the delays were less than or equal
to one minute.

On the average day of the peak month, peak hour average delays
) are as high as 64 minutes (during IFR 1 weather conditions
with arrivals on Runway 17R and departures on Runway 8R).
. For the most frequent combination of runway use and weather
l condition (VFR 1 weather with arrivals on Runways 25, 26L and
26R and departures on Runways 35L and 35R), average peak hour
delays were 1.6 minutes.




Figure Al--1978 ANNUAL DELAY BASELINE 23

ANNUAL SUMMARY
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DEMAND TO CAPACITY DISTRIBUTION
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3
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.2 TO -3 16.15
.3 T0 b 8.53
b T0 .5 11.61 |
I o3 T0 ) 16.18 1
] TO 7 9. 98
o7 TO -8 3.95
.8 TO .9 4.50 3
.9 T0 1.0 1.61
1.0 TO l.1 «59
l.1 TO 1.2 1.05
1.2 TO [.3 18
l 1.3 TO 1.4 .00
MEAN OF D/C RATIO = .41 |

l STANDARD DEVIATION = .26

t AARARARAANNARRANARARAANARANNBAARESRAANRRAARANRARARRAR AR ARANRARANRRAARA RN ANARS

(9

ANNUAL DELAY =13394.945 HOURS
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Figure A2--1978 ANNUAL DELAY BASELINE 24 !/
ANNUAL DELAY DISTRIBUTION oo
AVERAGE DELAY DISTRIBUTION
(MINUTES) PERCENT
AT LEAST LESS THAN OCCURRENCE
0.0 TO .2 7.649 :
.2 TO oh 16.073 .
o 1O .6 13.019
.6 10 .8 18.686
.8 TO 1.0 15.142
1.0 T0 1.2 6.160
1.2 TO 1.4 4.954
l 1.4 70 1.6 3.332
1.6 TO 1.8 2.624
1.8 10 2.0 2.428 ’
2.0 TO 3.0 5.798 ,
3.0 TO 4.0 1.391 /
4.0 TO 5.0 .180
5.0 TO 6.0 .067
6.0 T0 7.0 .079 ;
7.0 TO 8.0 .042 ]
8.0 T0 9.0 .037
9.0 To- 10.0 .062
21.0 To  22.0 .081
v 22.0 To 23.0 .063
: 23.0 TO  24.0 .035 |
25.0 T0 26.0 .023
26.0 To 27.0 .045
27.0 To 28.0 .011 3
28.0 To  29.0 .107
29.0 To  30.0 .076
30.0 T0 31.0 .020
31.0 To 32.0 .130
32.0 Ta  33.0 .016
l 33.0 TOo  34.0 .028
34.0 To  35.0 .090 :
35.0 To  36.0 .066
37.0 To 38.0 .078 ;
l 38.0 T0 39.0 .009 i
39.0 To  40.0 .036 !
40.0 To 41.0 .062 i
42.0 To 43.0 .113 i
i 43.0 TO  44.0 .006 § i
44.0 To  45.0 .126 3
45.0 To  46.0 .078
46.0 TO 47.0 .103
47.0 To 48.0 <094
48.0 TOo 49.0 .050
49.0 To 50.0 .063
$50.0 To 51.0 .002
51.0 7o  52.0 .073
52.0 To 53.0 .036
$3.0 TO  54.0 .024
$4.0 To 55.0 .057 4
56.0 To 57.0 L0LS \
$7.0 To 58.0 .090
$9.0 TO 60,0 .087
60.0 To 61.0 .082
61.0 To 62.0 .084
62.0 To 63.0 .070
63.0 TO 64.0 .003
64.0 TOo 65.0 .002
65.0 To 66.0 ~.002
66.0 T0 67.0 i L,000
‘ EAN OF AVERAGE DELAY = 1.80

STANDARD DEVIATION = 2.77
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Experiment No. 15

Objective:

To obtain 1985 baseline delay estimates for the following
runway use in IFR 2 weather:

Arrival Runway Departure Runway

35R 35L

Related Comparison Experiments:

Experiment 31 estimates the delay impact of the implementation
of ASDE.

Results:

This experiment was performed for the six hours between 0600
and 1200 hours. By 1200 hours, arrival delays were in excess
of 2.5 hours and the run was stopped.

The high delays are due to an excess of demand over capacity.

Figure 15A shows that total aircraft flows vary from 8 to

60 aircraft per hour over the 6 hour simulation run. The
peak hour is from 0800 to 0900 hours and contains 31 arrival
aircraft and 29 departure aircraft.

Figure 15B shows that average delays to aircraft using the
runways are as high as 154 minutes per aircraft. Average
delays reach 154 minutes for arrival aircraft and 86 minutes
for departure aircraft by 1200 hours.




oty g L2

27

FIGURE 15A--RUNWAY FLOW RATES
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Experiment No, 18

Objective:

To obtain 1985 baseline delay estimates for the following
runway use in VFR 1 weather:

Arrival Runways Departure Runways

17L-17R 17L-17R

Related Comparison Experiments:

Experiment 33 estimates the delay impact of an additional high
speed exit from Runway 17L.

Results:

Figure 18A shows that total aircraft flows vary from 29 to
119 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1100 to 1200 hours and contains 61 arrival
aircraft and 58 departure aircraft.

Figure 18B shows that average delays to aircraft using the
runways are as high as 5.5 minutes per aircraft. Peak hour
average delays are 5.0 minutes for arrival aircraft and
1.6 minutes for departure aircraft.
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FIGURE 18A--RUNWAY FLOW RATES
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FIGURE 18B--RUNWAY DELAYS
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Experiment No. 29

Objective:

To estimate the delay impact of the availability of Runway 8L
for all jet departures (due to runway extension and/or low
temperatures) .

Related Comparison Experiments:

Experiment 4 is the 1985 baseline for the comparison.

Results:

Figure 29A shows that total aircraft flows wvary from 27 to
115 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1000 to 1100 hours and contains 56 arrival
aircraft and 59 departure aircraft.

Figure 29B shows that average delays to aircraft using the
runways are as high as 3.2 minutes per aircraft. Peak hour
average delays are 3.2 minutes for arrival aircraft and 0.9
minutes for departure aircraft,

Figure 29C shows that average delays to aircraft using the
taxiways are negligible. .

Figure 29D shows that average aircraft taxi travel times vary
from 1.3 to 4.4 minutes. Peak hour average taxi travel times
are 3.8 minutes for arrival aircraft and 4.0 minutes for
depart+—-+e aircraft.

Comparison of these flows and delays with the corresponding
flows and delays estimated in Experiment 4 shows that small
savings in departure delays can be obtained with the avail-
ability of 8L for jet departures. These savings are small
because delays were also small in the baszline case.
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Experiment No. 30

Objective:

To estimate the delay impact of the absence of an extension
of taxiway D between D2 and D2.

Related Comparison Experiments:

Experiment 29 is the 1985 basis for comparison.

Results:

Figure 30A shows that total aircraft flows vary from 27 to
115 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1000 to 1100 hours and contains 56 arrival
aircraft and 59 departure aircraft,

Figure 30B shows that average delays to aircraft using the
runways are as high as 3.4 minutes per aircraft. Peak hour
average delays are 3.4 minutes for arrival aircraft and 0.9
minutes for departure aircraft.

Figure 30C shows that average delays to aircraft using the
taxiways are negligible.

Figure 30D shows that average aircraft taxi travel times vary
from 1.4 to 5.1 minutes., Peak hour average taxi travel times
are 3.9 minutes for arrival aircraft and 4.3 minutes for
departure aircraft.

Comparison of these data with corresponding data estimated in
Experiment 29 shows that delays and travel times increase
slightly when the extension of Taxiway D is absent. 1In both
cases, delays and travel times are relatively low.
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Experiment No, 31
Objective:
To estimate the delay impact of the implementation of ASDE
in IFR 2 conditions with the following runway use:
Arrival Runway Departure Runway
35R 35L
E
Related Comparison Experiments:
Experiment 15 is the 1985 baseline for comparison. !

Results:

As for Experiment 15, this experiment was performed for the
six hours between 0600 and 1200 hours. By 1200 hours arrival
delays were in excess of 2.5 hours and the run was stopped.
The high delays are due to an excess of demand over capacity.

Figure 31A shows that total aircraft flows vary from 8 to

64 aircraft per hour over the 16 hour simulation run. The
peak hour is from 0900 to 1000 hours and contains 33 arrival
aircraft and 31 departure aircraft.

Figure 31B shows that average delays to aircraft using the
runways are as high as 150 minutes per aircraft. Average
delays reach 150 minutes for arrival aircraft and 82 minutes
for departure aircraft.

Comparison of these flows and delays with the runway flows
and delays for Experiment 15 shows that the implementation
of ASDE results in a reduction in delays of up to 4 minutes
per aircraft,




FIGURE 31A--RUNWAY FLOW RATES
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FIGURE 31B--RUNWAY DELAYS
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Experiment No. 33

Objective:

To estimate the delay impact of an additional high speed exit
on Runway 17L in VFR 1 weather with the following runway use:

Arrival Runways Departure Runways

17L-17R 17L-17R

Related Comparison Experiments:

Experiment 18 is the 1985 baseline for comparison.

Results:

Figure 33A shows that total aircraft flows vary from 29 to
121 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1100 to 1200 hours and contains 63 arrival
aircraft and 58 departure aircraft.

Figure 33B shows that average delays to aircraft using the
runways are as high as 5.5 minutes per aircraft. Peak hour
average. delays are 4.9 minutes for arrival aircraft and

1.4 minutes for departure aircraft.

Comparison of these flows and delays with the runway flows and
delays for Experiment 18 shows that an additional high speed
exit on Runway 1l7L results in a slight reduction in delays to
aircraft.




FIGURE 33A--RUNWAY FLOW RATES
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Attachment B

STAGE 1 DELAY EXPERIMENTS: INPUT DATA REVISIONS

STAPLETON INTERNATIONAL AIRPORT

Airport Improvement Task Force Delay Studies

Peat, Marwick, Mitchell & Co.

August 1978
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Attachment B

STAGE 1 DELAY EXPERIMENTS: INPUT DATA REVISIONS
This attachment documents the major revisions to input data
from the data shown in Data Package No. 3.
1. Aircraft separations were revised to reflect FAA
Report No. FAA-EM-78-8A. Revised separations are

given below.

(a) 1978 VFR Separations

Arrival-Arrival Separation (n.m.)

Trail Aircraft Class

A B [of D

Lead A 2.7 3.0 3.2 3.2
Aircraft B 2.7 3.0 3.2 3.2
Class C 3.5 3.8 3.2 3.2

D 5.3 5.6 4.9 4.0

Departure-Departure Separation (seconds)

Trail Aircraft Class

A B C D

Lead A 35 35 45 50
Aircraft B 35 35 45 50
Class C 50 50 60 60

D 120 120 120 90

(b) 1978 IFR Separations

Arrival-Arrival Separation (n.m.)

Trail Aircraft Class

A B C D

Lead A 3.7 3.9 4.1 4.1
Aircraft B 3.7 3.9 4.1 4.1
Class C 4.7 4.9 4.1 4.1

D 6.7 6.9 6.1 5.1

Departure-Departure Separation (seconds)

Trail Aircraft Class

A B C D

Lead A 60 60 60 60
Aircraft B 60 60 60 60
Class C 60 60 60 60

D 120 120 120 90
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1985 VFR Separations

Arrival-Arrival Separations (n.m.)

Trail Aircraft Class

A B C D .
Lead A 2.6 2.9 3,0 3.0
Aircraft B 2.6 2.9 3.0 3.0
Class C 3.4 3.7 3.0 3.0
D 4.7 5.0 4.1 3.8

Departure-Departure sSeparations (seconds)

Trail Aircraft Class
A B C D

Lead A 35 35 45 50
Aircraft B 35 35 45 50
Class C 50 50 60 60
: D 120 120 120 90

=y,

(d) 1985 IFR Separations

Arrival-Arrival Separation (n.m.)

Trail A}rcraft Class

A B C D

Lead A 3.7 4.0 4.1 4.1
Aircraft B 3.7 4.0 4.1 4.1
Class C 3.7 4.0 4.1 4.1

D 4.7 5.0 4.1 4.1

Departure-Departure Separations (seconds)

Trail Aircraft Class ;
A B C D 1

Lead A 60 60 60 60
Aircraft B 60 60 60 60 ,
Class C 60 60 60 60 :

D 120 120 120 90
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' 2, Aircraft demand schedules were revised to reflect the
correct hourly distribution of traffic and to correct
- errors in interpretation of the Speas forecast. Revised
demand schedules are given in updated Tables 3 and 4.
Revised hourly distribution of traffic is given below.
' % daily % daily % daily % daily
Hour traffic Hour traffic Hour traffic Hour traffic
' 00-01 1.6 06-07 3.1 12-13 7.2 18-19 6.9
01-02 0.9 07-08 3.5 13-14 7.1 19-20 4.9
02-03 0.1 08-09 5.4 14-15 6.2 20-21 3.8 E
' 03-04 0.5 09-10 7.0 15-16 5.5 21-22 2.6 \
04-05 0.5 10-11 6.7 16-17 5.8 22-23 2.8
I 05-06 2.2 11-12 6.6 17-18 6.4 23-24 2,7

MR i et o
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Attachment C

SUGGESTED STAGE 2 DELAY EXPERIMENTS

STAPLETON INTERNATIONAL AIRPORT

Airport Improvement Task Force Delay Studies

Peat, Marwick, Mitchell & Co.

August 1978
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PeEAT, MARWICEK, MiTCHELL & Co.
P. 0. BOX 8007
SAN FRANCISCO INTERNATIONAL AIRPORT
SAN FRANCISCO, CALIFORNIA 94128

Telephone: (415) 347-9521
September 11, 1978

Mr. Ray Fowler, AEM-100

Federal Aviation Administration
800 Independence Avenue, S.W.
Washington, D.C. 20591

Re: Input Data for Stapleton Delay Experiments
Dear Ray:

Enclosed is the input data package for Stapleton Stage 2
delay experiments (Attachment A) and a summary of average
daily delays for the Stage 1 experiments (Attachment B).
This data package should be reviewed at the Stapleton Task
Force Sub-group meeting which is scheduled to take place
on September 14, 1978,

Sincerely,
N Stephen L. M. Hockaday

Manager

SLMH/nbe
Enclosure

cc: Mr., J. R. Dupree (ALG-312)
Mr. F. Jaeger (ARM-4)
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l STAGE 2 EXPERIMENTS: INPUT DATA PACKAGE
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INPUT DATA FOR EXPERIMENT NUMBER 5

J

Input data identical with Experiment 2 except:
' 1. No operations on Runway 25.

2. Revised arrival runway assignments are as follows:
l Runway Aircraft Class

A B C D
| 26L 504 508 408  100% I
26R 50% 50% 60% 0%

100% 100% 100% 100%




INPUT DATA FOR EXPERIMENT NUMBER 35

'
Input data identical with Experiment 15 except:
! 1. Arrivals and Departures can use both runways.
2., Operations on 35L and 35R are independent.
3. Revised runway assignments are as follows:
Runway Aircraft Class
A B C D
35L 50% 50% 50% 50%
35R 50% 50% 50% 50%
T00% 130% 1003 T00%
)




a.

INPUT DATA FOR EXPERIMENT NUMBER 36

LOGISTICS

3.
4.
5.

Title: Stapleton International Airport Airfield
Simulation Model: Stage I Experiments

Random Number Seeds: 2017, 3069, 4235, 5873, 6981,
7137, 8099, 9355, 0123, 1985.

Start and Finish Times: 0830 to 2100

Print Options: Summary run for ten random number seeds.

Airline Names: Name Code
Rocky Mountain RM
Aspen AS
United UA
Braniff BN
Western WA
Continental CcO
Trans World TW
Ozark 0z
Delta DL
North Central NC
Texas International T1
Frontier FL
Third Level Carriers TL

Processing Options: First run to check model input.
Other runs in COMPUTE mode.

Truncation Limits: +3 standard deviations.

Time Switch: Not applicable.

AIRFIELD PHYSICAL CHARACTERISTICS

9.
10.

11.

Airfield Network: See separate drawing.

Number of Runways: 5

Runway Identification: 26L, 26R, 35L, 35R, 25




13.

14.

15.
16.

17.

395,
321.

Distance from
reshold (feet)

Departure Runway End Links: 183, 113
Runway Crossing Links: 352, 346, 345, 344,
400, 357, 356, 318,
Exit Taxiway Location:
Runwa Taxiway Link Th
26L B-4,C-6 489,353
c-5 354
Cc-4 356
c-3 357
26R D-2 318
c-4 316
Cc-3 311
End 310
25 D-3 322
Holding Areas: Not applicable.
Airline Gates:
Airline

Airline

Rocky Mountain
Aspen

United

Braniff

Western

Continental

Trans World

Ozark

Delta

North Central

Texas International
Frontier

Third Level Carrier

General Aviation Basing Areas:

Name

Combs Aviation
Beechcraft Aviation

Atlas Aviation

Gate Area

e
w

3

>

HOUTUBEs B Bs W

Base Are

5,800
6,100
7,400
8,400

5,000
6,000
6,900
7,400

3,400

a Code

GC
GB
Ga




C.

ATC PROCEDURES

18.

19.

20.

Aircraft Separations:

Arrival-Arrival Separation (n.m.)

VFR Trail Aircraft Class
A B C D
Lead A 2.4 2.6 2.7 2.7
Aircraft B 2.4 2.6 2.7 2.7
Class € 3.0 3.2 2.7 2.7 |4
D 3.5 3.7 3.3 2.8
IFR Trail Aircraft Class 3
A B C D
Lead A 2.5 2.7 2.8 2.8
Aircraft B 2.5 2.7 2.8 2.8
Class C 3.0 3.2 2.8 2.8
D 3.5 3.7 3.3 2.8
Departure-Departure Separations (seconds)
VFR Trail Aircraft Class
A B C D
Lead A 35 35 45 50
Aircraft B 35 35 45 50
Class C 50 50 60 60 i
D 60 60 60 60
IFR Trail Aircraft Class_
A B C D
Lead A 60 60 60 60
Aircraft B 60 60 60 60
Class C 60 60 60 60
D 60 60 60 €9

Route Data: See Figure 1.

Two-Way Path Data: Not applicable.




Figure 1
TAXIWAY ROUTES:
ARRIVALS ON RUNWAYS 25, 26L & 26R




DEPARTURES ON RUNWAYS 35L & 35R

Figure 1 cont.
TAXIWAY ROUTES:
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21.

22,

23.

24.

25.

26.

27.

Common Approach Paths:

Arrival Aircraft Length of Common
Runway Class Approach Path
25 A 1.0
26R A 3.0
B 3.0
C 5.5
D 5.5
26L A 5.5
B 5.5
Cc 5.5
D 5.5

Vectoring Delays:

This input normally allocates delays among vectoring
and holding. With profile descent at Stapleton, holding
occurs rarely, if ever.

Model input values will be used that preclude holding
for arrival aircraft.

Departure Runway Queue Control:

Departure runway assignments will be made to balance
departure queues where appropriate.

Gate Hold Control:

Hold aircraft at gate when departure queue at runway
is 10 or more.

Departure Airspace Constraints:

Aircraft are not held at gate due to departure airspace
constraints. Flow control constraints from other
Centers do not normally occur.

Inter-Arrival Gap:

With this runway use, arrival aircraft are not delayed
in the arrival airspace to release departures.

Runway Crossing Delay Control:

Arrival and departure runway operations are only
interrupted for a taxiing aircraft to cross an active
runway when the taxiing aircraft is delayed by 5 minutes
or more.

Cm e e e




d. AIRCRAFT OPERATIONAL CHARACTERISTICS

28, Exit Taxiway Utilization:

l __Exit Utilization (Percent)
A/C B-4
Class C-6 Cc-5 c-4 Cc-3
‘ Runway A 100
26L B 54 15 31
o! 24 54 22
D 50 50
aA/C
k Class D-2 c-4 c-3 End
Runway A 100
26R B 44 17 39
‘ c 32 47 21
D 100
A/C
Class D-3
Runway A 100
25 B 100

29. Arrival Runway Occupancy Times:

Runway Occupancy Time (Seconds)

A/C B-4
Class C-6 C-5 C-4 C-3
Runway A 60
45 60 70
41 54 58
51 60

C-4 C-3 End
49 61
47 55

60




30. Touch & Go Occupancy Times:

Runway Occupancy
Time (Seconds)

Aircraft ~ Standard
Class Mean Deviation
A 22 3
B 23 3
C 27 4
D 27 4

31. Departure Runway Occupancy Times:

Runway Occupancy
Time (seconds)

Aircraft Standard
Class Mean Deviation
A 23 3
B 26 k}

C 37 4
D 37 4

32. Taxi Speeds: 5-30 mph depending on location.

33. Approach Speeds:

Approach Speed

(Knots)
Aircraft Standard
Class Mean Deviation
A 100 10
B 135 10
C 155 10
D 160 10

34. .Gate Service Times: Not applicable.

35. Airspace Travel Times: See Table 1.

36. Runway Crossing Times:

Aircraft Runway Crossing
Class Time (Seconds)




Table 1

AIRSPACE TRAVEL TIMES2
(minutes)

Stapleton International Airport
Stage 2 Experiments: Input Data

Aircraft Travel time to runways
Fisc Class 8L/8R 17L/17R 26L/26R  35L/35R ‘
KIOWA 1, 2 15 16 12 12
3 18 19 14 14
4 25 26 20 20
KEANN 1, 2 16 13 12 17
3 19 15 14 20
4 26 21 20 28
DRAKO 1, 2 14 1 16 17
3 16 13 18 20
4 23 19 26 28
BYSON 1, 2 13 16 16 13
3 15 19 19 15
4 21 27 27 21
"Pop-ups" 3 8 8 8 8
4 9 9 9 9

a. Nominal (undelayed) travel times.







O

T e

Table 2

ARRIVAL AIRCRAFT LATENESS DISTRIBUTION
(Average deviation from schedule, excluding

l delays due to destination airport)
Amount of time Percent of flights
| ’ late or early late or early (%)
§ More than 15 min. early 0
: less than 15 min. early s
On time 24
less than 5 minutes late 29
5 to 10 minutes late 15

10 to 15 minutes late
15 to 30 minutes late
30 to 45 minutes late
45 to 60 minutes late
E more than 60 minutes late

W N & WYY

Source: Peat, Marwick,'Mitchell & Co., analysis of
! data provided by Stapleton Task Force.
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' Experiment Number:_ 14 ( Input changes from experiment number 36 ) 16

SIMULATION MODEL INPUT DESCRIPTION OF INPUT CHANGE
a. Llogistics
' 441!1:10
Random number seeds
Start and finish times
Print opticns
Alrline names
Processing options
Truncation limits
Tize switch

L4

eilvwjoaalalsfwiolr

b. Airfield Physical Characteristics
9 Airxfiald network
10 Number of runways

11 Runway identification

12° Daeparturs runway end links
13 Runway crossing links

14 Exit taxiwvay location
15 Holding areas
16 Alirline gates

17 General aviation hbasing areas

€. ATC Procedures

' 18 Aircraft separations
19 Route data
20 Two-way path data

lUse IFE separations

2l Common approach paths

22 Vectoring delays

13 Cepartura runway queue control

24 Gats nhold contzol

2S Depar=ure airspace conscraints

1§ Ceparture gueue

27 Runway crossing delay control

d. Aircraft Operational Characteristics

28 Exit taxiway utilization

29 Arzival runway occupancy tines Increase to reflect IFR conditions.

30 Touch-and-go runway occupancy times

31 Ceparture runway occupancy tizas
32 Taxi speeds

33 Approach sveeds

34 Gate service tinmes *

1S Airspace =ravel times

1§ Runway crossing tines

37 Lataness distribution
38 Demand

All arrivals on Runway 26L, all departures on ‘
35L.




Experiment Number: 39

( Input changes from experiment number_ 36 )

17

t

SIMULATION MODEL INPUT

DESCRIPTION OF INPUT CHANGE -

4. logistics
Lg;i:lo
2 Random number seeds
| 3 Start and finish tizes
4 Print options
§ Adrline names
§ Procsssing options
7 Truncation limits
$ Time switch
D. Airfield Physical Characteristics .
9 Alzrfield netwark
10 Number of runways
11 Runway identification
12° Departure runway end links
13 Runway crossing links
14 Exit taxiway location
15 Holding areas
16 Alrsline gates
17 General aviation basing areas
€. ATC Procedures
. 13 zcraft separations *
19 Route data
20 Twe-way path data
il Common approach paths
22 ‘7ectoring dalays
2] Ceparture runway queue control
24 Gate nhold contzol
25 Ceparsure airspace constraints
2§ Ceparture gqueus
27 Runway crossing delay control
4. zczaft Ocerational Characteristics
28 Exi: zaxiway utilizaticn
19 Arzival runway occupancy -izmes
30 Touch~and-go ruaway occupancy times
31 Devarture runway occupancy =imes
32 Taxi speeds
33 Approach sveeds
34 Gate service tixes
18 Airscaca “ravel =imas
1§ QPunway crossing -ines
17  Latesness distributzion
J§  Zemand

Increase ajr carrier demand by 10%.
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Experiment Number: 4q/41 ( Input changes from experiment number 37 )

18

e

SIMULATION MODEL INPUT

DESCRIPTION OF INPUT CHANGE

|
]

lLogistics

Title

Random number seeds

Start and finish times

Print options

Airline namas

Procesaing options

Truncation limits

@I ]s]jwin]r

Tiza switch

B

Aizfield Physical Characteristics

9 2ield network

10 Number of runways

11 Runway identification

12 Oeparture zunway end links

13 Runway crossing links

14 Exit taxiway location

15 BHolding areas

1§ Alrline gates

17 Genaral aviation basing areas

S.

ATC Procedures

13 Aircraft separations

13 Routs data

20 Two-way path data

21l Common approach paths

22 Vectoring delays

23 Ceparture runway queus contraol

24 Gate hold control

45 Departure airspace constraints

26 Ceparture gqueus

27 Runway crossing delay control

.

Alrcraft Operational Characteristics

28 =xit taxiway utilization

29 Arzival runway occupancy times

3¢ Teuch-and-go runway occupancy times

31 QDeparture runway occupancy times

32 Taxi speads

33 Approach speeds

14 Gate service times

1S Airspacs travel times

36 Runway crossing times

-

7 Lateness distribution

18 lemand

Increase or reduce air carrjer demand by 10%

{(based on results of Experiment No. 37.)

n —— PR
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! Experiment Number: 44 "( Input changes from experiment number 36 ) 19

SIMULATION MODEL INPUT DESCRIPTION OF INPUT CHANGE
a. Logistics
f 1 7Ticle
2 Random number seeds
] Stazt and finish tines
4 Print options
5 Airline names
§ Processing options
7 Truncation limits
§ Time switch

B2

E2 o

5. irfield Phvsical Characteristics
9 Airfield network

10 Number of runways
11 Runway identification
12' Departurs runway eand links

13 Runway crossing links

14 Exit taxiway loccation
15 Holding areas
16 Adrline gates

17 General aviation basing areas

€. ATC Procedures

' 13 Aircraft separations
139 Routae data
20 Two-way path data

21 Common approach paths

22 Vectsring delays

2] Ceparture runway queue control

24 Gatas hold control

25 Departure airspace constraints

26 Departure queue

27 Runway crossing delay control

d. Aircraf:t Operational Characteristics

28 Exit taxiway utilization

23 Arrival runway occupancy times

310 Touch-and-go runway occupancy times

31 Departure runway occupancy timas

32 Taxi speeds

33 Appreach sveeds

34 Gate service zirmas

15 Airspaca travel =inmas

i 3§ Runway crossing tines

37 Latsness distribution

38  Cemand Reduce general aviation demand 50%.




Exéériment Number: ¢2 ( Input changes from experiment number 2 ) 20

SIMULATION MODEL INPUT

DESCRIPTION OF INPUT CHANGE

a. Logistics
1 Ticle
2 Random number saeds
3 Start and finish times
4 Print options
S Adlrline namas
6 Processing options
7 Truncation limits
8 Time switch
D, Airfield Phvsical Characteristics .
9 Airfield network
10 Number of runways
11 Runway identification
12 Departure runway end links
13 Runway crossing links
14 Exit taxiway location
15 Holding arsas
16 Alrline gatas
17 General aviation basing areas
€. ATC Procedures
' 18 izcraftc separations
13 Routs data
20 Two-way path data
21l Common approach paths
22 Vectoring delays
2] Departure runway gusue control
24 Gate hold control
25 Departure airspace constraints
26 CTeparture gueue
27 Runway crossing delay control
d. Aircrafe Operational Characteristics
28 Exis taxiway utilization
29 rival runway occupancy timas
30 Touch-and-go runway occupancy times
3L Ceparture runway occupancy tiras
32 Taxi spaeds
13 Approach sveeds
34 Gate service tires
15 Airspace =ravel times
16 Runway crossing times
17 Lateness distribution
318 Zemand

Air carrier demand increased to 1990 level.




l Experiment Number: g4 ( Input changes from experiment number ]9 ) 21

SIMULATION MODEL INPUT

DESCRIPTION OF INPUT CHANGE

4. Logistics

1 Title

Random number sseds

Start and finish tines

Print options

rline namss

Processing options

Truncation limits

AR EEZE A E SRR

Time switch

5. rfield Phvsical Characteristics

9 Alirfield network

10 Number of runways

11 Runway identification

12° Departure runway end links

13 Runway crossing links

14 Exit taxiway location

15 EHolding areas

16 Airline gates

17 General aviation basing areas

S. ATC Procedurss

' 13 irczaft separations

13 Route data

20 Two-way path data

2l Common approach paths

22 Vectoring delays

23 Ceparture runway gqueue control

24 Gate hold contzol

25 Departure airspace constraints

26 Ceparture gqueue

27 Runway crossing delay control

d. Aircraft Overational Charxacteristics

28 Exit taxiway utilizaticn

29 Arrival runway occupancy times

10 Touch-and-go runway occupancy times

31 Caeparture runway occupancy times

32 Taxi speeds

33 Approach sveeds

14 Gate service “imes

1S Airsvace =ravel times

3§ Runway crossing tines

17 Lateness distribution

38 CTemand

Reduce geperal aviation demand 50%.




INPUT DATA FOR EXPERIMENT NUMBER 65

Input data identical with Experiment 15 except:
' 1. New 5,000 foot N-S runway is implemented.

2. All class A and B aircraft arrive and depart
’ on new runway.

3. Operations on new runway independent of
operations on Runways 35L and 35R.

\nar MMM dontl ke ntns Wt
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Attachment B

STAGE 1 EXPERIMENTS: INPUT DATA PACKAGE

STAPLETON INTERNATIONAL AIRPORT

Airport Improvement Task Force Delay Studies

Peat, Marwick, Mitchell & Co.

September 1978




23

SUMMARY OF AVERAGE DAILY DELAYS
(l6-Hour Day)
(STAGE 1 EXPERIMENTS)

Average Runway Delays
to Aircraft (Minutes)

Experiment No. Arrivals Departures
2 1.3 2.1
4 1.7 0.9
8 2.3 1.7
9 0.7 2.0

10 * 4.0
11 * 1.9
13 0.8 1.8
15 * *

18 2.1 1.0
29 1.4 0.5
30 1.5 0.6
31 * *

33 2.1 1.0

*Delays in excess of one hour due to extended
periods of time when demand exceeds capacity.
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DATA PACKAGE NO. &6

AIRPORT IMPROVEMENT
TASK FORCE DELAY STUDIES

prepared for
DEPARTMENT OF TRANSPORTATION

FEDERAL AVIATION ADMINISTRATION
under contract
DOT FA77TWA -3961

Peat, Marwick, Mitchell & Co.

OCTOBER 1978




PeEAT. MARWICK, MITCHELL & Co.
P. 0. BOX 8007
SAN PFRANCISCO INTERNATIONAL AIRPORT
SAN FRANCISCO, CALIFORNIA 94128

Telephone: (415) 347-9521

November 14, 1978

Mr. Ray Fowler, AEM-100

Federal Aviation Administration
800 Independence Avenue, S.W.
Washington, D.C. 20591

Re: Data Package No. 6 for Stapleton Delay Experiments
Dear Ray:

Enclosed is data package No. 6 for Stapleton International
Airport. The package contains the results of the Stage 2
delay experiments (Attachment A), a summary of delay infor-
mation from the Stage 1 and Stage 2 experiments (Attach-
ment B), and a suggested outline for the PMM&Co. airport
report that documents the quantitative delay analysis per-
formed (Attachment C). This data package should be reviewed
by the Stapleton Task Force during the November 15, 1978
Task Force meeting.

Sincerely,

Shave 4

Stephen L. M. Hockaday
Manager

SLMH/jc
Enclosure

cc: Mr. J. R. Dupree (ALG-312)
Mr. F. Jaeger (ARM-4)




Attachment A

RESULTS OF STAGE 2 DELAY EXPERIMENTS

STAPLETON INTERNATIONAL AIRPORT

Airport Improvement Task Force Delay Studies

L

Peat, Marwick, Mitchell & Co.

November 1978
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Experiment No. 5

Objective:

To estimate the delay impact of the closure of Runway 7-25,
in VFR 1 weather.

Arrival Runways Departure Runways

26L, 26R 35L, 35R

Related Comparison Experiments:

Experiment 2 is the 1978 baseline for comparison.

Results:

Figure 5A shows that total aircraft flows vary from 39 to
127 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1200 to 1300 hours and contains 54 arrival
aircraft and 73 departure aircraft.

Figure 5B shows that average delays to aircraft using the
runways are as high as 9.4 minutes per aircraft. Peak hour
average delays are 3.0 minutes for arrival aircraft and

4.7 minutes for departure aircraft.

Compariscon of the delays between 1100 and 1200 hours (the
period of maximum arrival delays) with the corresponding
delays for Experiment 2 shows that arrival aircraft delays
are doubled (from 4.7 minutes per aircraft to 9.4 minutes per
aircraft) due to the closure of Runway 7-25.
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' Experiment No. 35

i Objective:

To estimate the delay impact of providing for simultaneous
ILS approaches to Runways 35L and 35R in IFR 2 conditions.

Arrival Runways Departure Runways

35L, 35R 35L, 35R

Related Comparison Experiments:

Experiment 15 is the 1985 baseline for comparison.

Results:

Figure 35A shows that total aircraft flows vary from 8 to

99 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1800 to 1900 hours and contains 36 arrival
aircraft and 63 departure aircraft.

Figure 35B shows that average delays to aircraft using the
runways are as high as 15.4 minutes per aircraft. Peak hour
average delays are 0.3 minutes for arrival aircraft and

7.5 minutes for departure aircraft.

Comparison of these flows and delays with the runway flows
and delays for Experiment 15 shows that providing for
simultaneocus ILS approaches to Runways 35L and 35R in IFR 2
conditions reduces aircraft delays significantly.
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Experiment No. 36

Objective:

To estimate 1985 baseline delay estimates for the following

. § runway use in VFR 1 weather: ;
V’ é;
£ Arrival Runways Departure Runways ;

25, 26L, 26R 35L, 35R

Related Comparison Experiments:

Experiment 39 estimates the delay impact of increasing air
carrier demand by 25%; Experiment 62 estimates the delay
impact of operating with 1978 general aviation demand levels
and Experiment 67 estimates the delay impact of having a

g vortex hazard present.

Results:

Figure 36A shows that total aircraft flows vary from 11 to

131 aircraft per hour over the 16 hour simulation run. The

: peak hour is from 1000 to 1100 hours and contains 66 arrival
aircraft and 65 departure aircraft.

Figure 36B shows that average delays to aircraft using the
runways are as high as 3.7 minutes per aircraft. Peak hour
average delays are 0.5 minutes for arrival aircraft and

3.7 minutes for departure aircraft.
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Experiment No. 37

Objective:

To obtain 1985 baseline delay estimates for the following
runway use in IFR 1 weather:

Arrival Runways Departure Runways

26L 35L

Related Comparison Experiments:

Experiment 41 estimates the delay impact of reducing air
carrier demand to a maximum of 90 operations per hour
(approximately at 10% reduction).

Results:

Figure 37A shows that total aircraft flows vary from 9 to
103 aircraft per hour over the 16 hour simulation run. The
peak hour is from 0900 to 1000 hours and contains 44 arrival
aircraft and 59 departure aircraft.

Figure 37B shows that departure delays range from 0 to 6.1
minutes, while arrival delays increase continually over the

day to 165 minutes by the end of the 16 hours. These very
high arrival delays are due to an excess of demand over
capacity. 1In practice, IFR weather rarely occurs for 16 hours
straight. In any event, delays of 165 minutes are unrealistic
as cancellations and diversions would occur before delays build
up to this level.
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Experiment No. 39

Objective:

To estimate the delay impact of increasing air carrier demand
by 25% in VFR 1 conditions.

Arrival Runways Departure Runways

25, 26L, 26R 35L, 35R

-

Related Comparison Experiments:

Experiment 36 is the 1990 baseline for comparison.

Results:

Figure 39A shows that total aircraft flows vary from 1l to
152 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1000 to 1100 hours and contains 75 arrival
aircraft and 77 departure aircraft.

Figure 39B shows that average delays to aircraft using the
runways are as high as 4.1 minutes per aircraft. Peak hour
average delays are 1.3 minutes for arrival aircraft and

4.1 minutes for departure aircraft.

Comparison of these flows and delays with the runway flows

and delays for Experiment 36 shows that both arrival and
departure delays are increased, although not significantly,
when air carrier demand is increased by 25% in VFR1l conditions.

R

‘,




Alrcraft Per Hour

Minutes of Delay

140

120

100

80

60

40

20

30

N
o

—
o

oNn & v

d
i

11

FIGURE 39A AVERAGE RUNWAY FLOW RATES
d N | Tot AN\
N // \\
N ul /
/ N
\\
/ N\
/ — Arriyals 7
7
N A N el
y <> - _.-3%\ pad {~
/
JRW i
/LY
/]
/' /
Y’
6 7 8 10 11 12 13 14 15 16 17 18 19 20 21
Hour Beginning
FIGURE 39B AVERAGE RUNWAY DELAYS
part S
- P
.=1 prases 4 “ir.l lsJ J—' Ji-\ o ey —— -j T ‘:

6 7 8 10 11 12 13 14 15 16 17 18 19 20 21

Hour Beginning



TR =TT LT e

!
\_.'. ' 12

Experiment No. 41

Objective: :

To estimate the delay impact of reducing air carrier demand
by 10% in IFR 1 conditions.

Arrival Runways Departure Runways

26L 35L, 35R

Related Comparison Experiments:

Experiment 37 is the 1990 baseline for comparison.

Results:

Figure 412 shows that total aircraft flows vary from 1l to
96 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1800 to 1900 hours and contains some 42

arrival aircraft and 54 departure aircraft.

Figure 41B shows that average delays to aircraft using the
runways are as high as some 30 minutes per aircraft. Peak hour
average delays are some 28 minutes for arrival aircraft. There
is virtually no delay to departure aircraft.

Comparison of these flows and delays with the runway flows

and delays for Experiment 37 shows that by reducing air carrier
demand by 10% in IFR 1 conditions arrival aircraft delays are
reduced to the extent that the Airport could continue to operate
for some 16 hours in IFR 1 weather without significant cancel-
lations or diversions.
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Experiment No. 43
] - Objective:
To estimate the delay impact of a reliever Airport, i.e.,
' reduce general aviation demand by 50% in VFR 1 conditions.
F l Arrival Runways Departure Runways
1 25, 26L, 26R 35L, 35R
A '
Related Comparison Experiments:

|
r
L | Experiment 36 is the 1990 baseline for comparison.
{
.’

Results:

This experiment was not performed due to the low levels of
aircraft delay observed from the baseline experiment.




Experiment Nos. 51-58

Objective:

To determine average annual delays to aircraft in 1978,
1985 and 1990 under varying demand ATC scenarios and near-
term improvements.

Results:

With a 1978 demand level of 512,500 annual operations, average
annual delays were estimated to be 1.6 minutes per aircraft.
Under the "do-nothing" scenario (i.e., 1978 ATC scenario and
near-term improvements) average annual delays are estimated

to increase to some 2.0 minutes per aircraft in 1985 and to
some 4.8 minutes per aircraft in 1990.

Based on the most optimistic scenario (i.e., ATC scenarios and
near-term improvements being implemented in a timely fashion),
average annual delays are estimated to be some 1.6 minutes per
aircraft in 1985 and to be some 0.4 minutes per aircraft in
1990. Table 1, which summarizes the results for each of the
annual delay experiments, shows total annual delays, average
aircraft delays (on an annual basis), summarizes the distri-
bution of the average aircraft delays (percent of all delays
less than 1 minute, 5 minutes and 10 minutes) and shows the
average peak hour delays for the most frequent runway use,
i.e., arrivals on Runways 25, 26L and 26R, departures on
Runways 35L and 35R under VFR 1, VFR 2, IFR 1 and IFR 2
weather conditions.
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Experiment No. 62

Objective:

To estimate the delay impact of operating at 1990 air carrier
and 1978 general aviation demand levels in VFR 1 conditions.

Arrival Runways Departure Runways

25, 26L, 26R 35L, 35R

Related Comparison Experiments:

Experiment 36 is the 1990 baseline for comparison.

Results:

Figure 62A shows that total aircraft flows vary from 35 to
140 aircraft per hour over the 16 hour simulation run. The
peak hour is from 0900 to 1000 hours and contains 71 arrival
aircraft and 6 departure aircraft.

Figure 62B shows that average delays to aircraft using the
runways are as high as 3.7 minutes per aircraft. Peak hour
average delays are 1.0 minutes for arrival aircraft and

3.7 minutes for departure aircraft.

Comparison of these flows and delays with the runway flows
and delays for Experiment 36 shows that while aircraft delays
increase somewhat at these demand levels, the increase is
virtually insignificant.
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Experiment No. 64

Objective:

To estimate the delay impact of reducing general aviation
demand by 50% when the first six hours of the run (0600 to
1200) are under IFR 1 conditions.

Arrival Runways Departure Runways
IFR 1: 26L 35L |
VFR 1: 25, 26, 26R 35, 35R

Related Comparison Experiments:

Experiment 68 is the 1985 baseline for comparison.

Results:.

Figure 64A shows that total aircraft flows vary from 11 to
111 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1200 to 1300 hours and contains 59 arrival
aircraft and 52 departure aircraft.

Figure 64B shows that average delays to aircraft using the
runways are as high as 48 minutes per aircraft. Peak hour
average delays are 45 minutes for arrival aircraft and

2.5 minutes for departure aircraft.

Comparison of these flows and delays with the runway flows
and delays for Experiment 68 shows that both arrival and
departure delays are reduced significantly with a 50%
reduction in general aviation demand (for this combination
of weather conditions). Arrival delays are dramatically
reduced (by as much as 30 minutes in some hours).
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! : Experiment No. 65 !

Objective:

To estimate the delay impact of a new 5,000-foot N-S runway
(Runway 34) in IFR 2 conditions.

Arrival Runways Departure Runways

34, 35R 34, 35L

Related Comparison Experiments:

Experiment 15 is the 1985 baseline for comparison.

Results:

Figure 65A shows that total aircraft flows vary from 8 to

95 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1800 to 1900 hours and contains 43 arriwval
aircraft and 52 departure aircraft. ’

Figure 65B shows that average delays to aircraft using the
runways are as high as some 21 minutes per aircraft. -Peak
hour average delays are some 21 minutes for arrival aircraft
and 3.9 minutes for departure aircraft.

} Comparison of these flows and delays with the runway flows
! and delays for Experiment 15 shows that a new 5,000-foot
N-S runway will significantly reduce aircraft delays in
IFR 2 conditions.
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Experiment No. 67 %

Objective:

To estimate the delay impact of the presence of vortex
hazards in VFR 1 conditions.

Arrival Runways Departure Runways

25, 26L, 26R | 35L, 35R |

Related Comparison Experiments:

Experiment 36 is the 1990 baseline for comparison.

Results:

Figure 67A shows that total aircraft flows vary from 1l to
135 aircraft per houyr over the 16 hour simulation run. The
peak hour is from 1000 to 1100 hours and contains 66 arrival
aircraft and 69 departure aircraft.

Figure 67B shows that average delays to aircraft using the
runways are as high as 5.0 minutes per aircraft. Peak hour
average delays are 0.9 minutes for arrival aircraft and

5.0 minutes for departure aircraft.

Comparison of these flows and delays with the runway flows
and delays for Experiment 36 shows that the presence of vortex
hazards increases departure runway delays significantly.
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Experiment No. 68

Objective:

To obtain 1985 baseline delay estimates for the following
runway use when weather conditions are IFR 1 for the period
0600 to 1200 hours and VFR 1 for the period 1200 to 2200
hours.

Arrival Runways Departure Runways
IFR 1: 26L 35L
VFR 1: 25, 26L, 26R 35L, 35R

Related Comparison Experiments:

Experiment 64 estimates the delay impact of reducing general
aviation demand by 50%.

Results:

Figure 68A shows that total aircraft flows vary from 17 to
125 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1200 to 1300 hours and contains 63 arrival
aircraft and 62 departure aircraft. ‘

Figure 68B shows that average delays to aircraft using the
runways are as high as some 63 minutes per aircraft. Peak
hour average delays are some 54 minutes for arrival aircraft
and 3.5 minutes for departure aircraft.
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' Experiment No. 69

Objective:

To estimate the delay impact of extending Runway 26R east
' to equal the length of Runway 26L.

! Arrival Runways Departure Runways
IFR 1: 8L, 17L 8R
VFR 1: 8L, 17L, 17R 7, 8R \

Related Comparison Experiments:

Experiment 70 is the 1985 baseline for comparison.

.

Results:

Figure 69A shows that total aircraft flows vary from 18 to
110 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1200 to 1300 hours and contains 52 arrival
aircraft and 58 departure aircraft.

! Figure 69B shows that average delays to aircraft using the
runways are as high as 13 minutes per aircraft. Peak hour

! average delays are 3.8 minutes for arrival aircraft and

} 0.8 minutes for departure aircraft.

Comparison of these flows and delays with the runway flows
and delays for Experiment 70 shows that extending Runway 26R
reduces departure delays by as much as 2 minutes per aircraft
in some periods of the day.
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Experiment No. 70

Objective:

To obtain 1985 baseline delay estimates for the following
runway use when weather conditions are IFR 1 for the period
0600 to 1200 hours and VFR 1 for the period 1200 to 2200
hours.

Arrival Runways Departure Runways
IFR 1: 8L, 17L 8R
VFR 1: 8L, 17L, 17R 7, 8R

Related Comparison Experiments:

Experiment 69 estimates the delay impact of extending Run-
way 26R east to equal the length of Runway 26L.

Results:

Figure 70A shows that total aircraft flows vary from 18 to
112 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1200 to 1300 hours and contains 52 arrival
aircraft and 60 departure aircraft.

Figure 70B shows that average delays to aircraft using the
runways are as high as 12 minutes per aircraft. Peak hour
average delays are 3.1 minutes for arrival aircraft and

1.8 minutes for departure aircraft.
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i Experiment No. 71

Objective:

i To estimate the delay impact of two independent IFR 1 arrival
streams.

Arrival Runways Departure Runways

17L, 26R 26L

Related Comparison Experiments:

Experiment 10 may be used as a baseline for comparison of
arrival delays.

Results:

Figure 71A shows that total aircraft flows vary from 19 to
105 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1000 to 1100 hours and contains 52 arrival
aircraft and 53 departure aircraft.

Figure 71B shows that average delays to aircraft using the
runways are as high as 9.3 minutes per aircraft., Peak hour
average delays are 4.2 minutes for arrival aircraft and

7.2 minutes for departure aircraft.

Comparison of these flows and delays with the runway flows

and delays for Experiment 10 shows that with two independent
arrival streams in IFR 1 conditions arrival delays are reduced
significantly.
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Experiment No. 72

Objective:

To estimate the delay impact of arrivals of Runway 25 inter-
acting with arrivals on Runway 26R.

Arrival Runways Departure Runways

25, 26L, 26R 35L, 35R

Related Comparison Experiments:

Experiment 9 is the 1985 baseline for comparison.

Results:

Figure 72A shows that total aircraft flows vary from 28 to
116 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1000 to 1100 hours and contains 58 arrival
aircraft and 58 departure aircraft.

Figure 72B shows that average delays to aircraft using the
runways are as high as 4.1 minutes per aircraft. Peak hour
average delays are 1.4 minutes for arrival aircraft and

3.9 minutes for departure aircraft.

Comparison of these flows and delays with the runway flows
and delays for Experiment 9 shows that at 1985 demand levels
dependency between aircraft on Runways 25 and 26L does not
significantly impact arrival aircraft delays.
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Attachment B

DELAY SUMMARY: STAGE 1 & STAGE 2
AIRFIELD SIMULATION MODEL EXPERIMENTS

STAPLETON INTERNATIONAL AIRPORT

Airport Improvement Task Force Delay Studies

Peat, Marwick, Mitchell & Co.

November 1978
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PeAT, MARWICK, MITCHELL & CoO.
P. 0. BOX 8007
SAN FPRANCISCO INTERNATIONAL AIRPORT
SAN FRANCISCO, CALIFORNIA 954138

Telephone: (415) 347-9521

December 8, 1978

Mr. Ray Fowler, AEM-100

Federal Aviation Administration
800 Independence Avenue, S.W.
Washington, D.C. 20591

Re: Data Package No. 7 for Stapleton Delay Experiments

Dear Ray:

Enclosed is Data Package No. 7 for Stapleton International
Airport. The package contains the results of Experiment 36a,
revised results for Experiments 65 and 69 (Attachment A),

and the input data for some experiments previously run
(Attachment B).

This data package should be reviewed by the Stapleton Task
Force during the December 11, 1978, Task Force meeting.

Sincerely,

Q‘L/V‘z-f—-
S. LT M. Hockaday

Manager

SLMH/sh

cc: Mr. J. R. Dupree (ALG-312)
Mr. F. Jaeger (ARM=-4)
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STAGE 2 DELAY EXPERIMENTS: REVISED AND
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STAPLETON INTERNATIONAL AIRPORT

Airport Improvement Task Force Delay Studies

Peat, Marwick, Mitchell & Co.

December 1978




Experiment No. 36a

Objective:

To estimate the delay impact of closing Runway 7-25 in VFR1
weather:

Arrival Runways Departure Runways

26L, 26R 35L, 35R

Related Comparison Experiments:

Experiment 36 is the 1990 baseline for comparison.

Results:

Figure (36A)A shows that total aircraft flows vary from 12 to
131 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1000 to 1100 hours and contalns 66 arrival
aircraft and 65 departure aircraft.

Figure (36A)B shows that average delays to aircraft using the
runways are as high as 3.8 minutes per aircraft. Peak hour
average delays are 3.7 minutes for arrival aircraft and

3.8 minutes for departure aircraft.

Comparing these flows and delays with experiment 36 shows
that closure of Runway 7-25 causes delays to arrival aircraft
to increase by some 3 minutes in the peak hour.
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Experiment No. 65

Objective:

To estimate the deiay impact of a new 5,000-foot N-S runway
(Runway 34) in IFR2 conditions.

Arrival Runways Departure Runways

34, 35R 34, 35L

Related Comparison Experiments:

Experiment 15 is the 1985 baseline for comparison.

Results:

Figure 65A shows that total aircraft flows vary from 5 to

82 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1000 to 1100 hours and contains 42 arrival
aircraft and 40 departure aircraft.

Figure 65B shows that average delays to aircraft using the
runways are as high as some 75 minutes per aircraft. Peak
hour average delays are some 5.7 minutes for arrival aircraft
and 20.1 minutes for departure aircraft.

The high delays are due to an excess of demand over capacity.

Comparison of these flows and delays with the runway flows
and delays for Experiment 15 shows that a new 5,000-foot
N-S runway will significantly reduce aircraft delays in
IFR2 conditions.
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Experiment No. 69

Objective:

To estimate the delay impact of extending Runway 26R east
to equal the length of Runway 26L.

Arrival Runways Departure Runways
IFRL: 8L, 17L 8R
VFR1: 8L, 17L, 17R 7, 8R

Related Comparison Experiments:

Experiment 70 is the 1985 baseline for comparison.

Results:

Figure 69A shows that total aircraft flows vary from 18 to
111 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1200 to 1300 hours and contains 51 arrival
aircraft and 6( departure aircraft.

Figure 69B shows that average delays to aircraft using the
runways are as high as 12 minutes per aircraft. Peak hour
average delays are 0.6 minute for arrival aircraft and

0.3 minute for departure aircraft.

Comparison of these flows and delays with the runway flows

and delays for Experiment 70 shows that extending Runway 26R
reduces departure delays by as much as 1.7 minutes per aircraft
in some periods of the day.
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STAGE 2 DELAY EXPERIMENTS: ADDITIONAL INPUT DATA

STAPLETON INTERNATIONAL AIRPORT

Airport Improvement Task Force Delay Studies
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Stage 2 Delay Experiments

Attached are additional input data for Experiments 51
through 58 and 67 through 72. These data were not included
in prior packages.




Inputs for Annual Delay
Model Experiments

Experiment Input Changes from Description of
Number Experiment Number Input Changes
54 50 1985 Demand
52 54 1985 ATC
53 54 1985 Near-Term Improvements
51 53 1985 ATC \
58 50 1990 Demand
56 58 1990 ATC
57 58 1990 Near-Term Improvements
-55 57 1990 ATC




Capacity Inputs to Annual Delay Model:
1978 Baseline

Runway Use Weather
1 VFR1
VFR2
IFR1
IFR2
2 IFR2
3 VFR1
VFR2
IFR1
IFR2
4 VFR1
5 VFR1
IFR1
.6 VFR1
7 VFR1

Hourly Runway Capacity
(50% Arrivals)

165
135
63
63

59
125
117

63

60
109

130
63

86

115

it e o a L




' Experiment Number: 67 ( Input changes from experiment number 36 )

SIMULATION MODEL INPUT DESCRIPTION OF INPUT CHANGE

4 Random numbes seeds

3 Start and finish tines
4 Princ opcions

S Airline names
[}

7

L

rrocessing optioans
Truacation limits
Time switch

b, M.g_gigd Ph;stcaé m:lc__t__‘;_.ueicl

9 Alrfisld network

10 Number of runways

1l Runwvay ideatification

12° Departure ruaway end links
13 Runway crossing links

} 14 Exit taxiway location

1S Holding areas

16 Alirline gates

17 General aviation basing areas

S. ATC Procedures

' 18 Aircraft separacions Change separations to reflect vortex hazards
19 Routs data )

20 7Twvo-way path data
2l Caommon approach paths’
22 Vectoring delays

23 Departure runway queus control
24 Gats hold conerol

28 Deparzure airspace constraintcs
2§ Ceparture queus

27 hunway crossing delay control

d. Aircgaft Operational Characteristics

e

28 Exit taxivay utilizatien

29 Arzival runway occupancy times

30 Touch-and-go runway occupancy times

31 Ceparure runway occupancy times
32 Taxi speeds

33 Approach speeds
14 Gate service tines

1S Airspacs cravel times

1§ Ruaway crossing tines

37 Lateness distribution
32 Jemand




Experiment Number: 68 ( Input changes from experiment number 10)

SIMULATION MODEL INPUT

DESCRIPTION OF INPUT CHANGE

a. lLogiseics

Title

Random anumber seeds

Start and finish times

Print options

Alrline names

Processing copeioas

Truncation linits

Si~wiojlw]lsjwllr

Tine switch

Implement for IFR to VFR change at 12:00 noon

5. Airfield Physical Characteristics

Airfigld netwark

Number of runways

Runway identification

* Daparture runway end links

Runway crossing links

Exit taxiway location

Holding arsas

Alrline gates

General aviation basing areas

€. ATC Procedures

' 18

Alreraft separations

19

Route data

Add VFR separations after 12:00 noon

20

Two-way path data

Common approach pachs

Change to VFR paths after 12:00 noon

Vectoring delays

Separture runway queus coatTol

Gats hold control

Departure airspacs constraints

Departure queus

Runway crossing delay control

d. Alrcraft Operational Charactaristics

P t———————— e ———————meeee

Exit taxiway utilization

Arzival runway occupancy times

Change to VFR paths after 12:00 noon

Touch-and=gc runway occupancy times

Departure runway occupancy timas

Taxi speeds

Approach speeds

Gate servics times

Alrspace travel tinmes

Runwvay crosaing times

Latsness disetribution

Semand
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' Experiment Number: 69 ( Input changes from experiment number_ 70 )

l SIMULATION MODEL INPUT DESCRIPTION OF INPUT CHANGE

a. Logistics
1l Ticle

2 HRandom number seeds

] Start and finish times

4 Print options

S Alsline names

§

7

| ]

Processing options
Truncation limits
Tine switch 7

; D. Airfield Phvsical Characteristics
: 9 Adrfield network

; 10 Number of runways

i 11 Runway identificatiocn

! 12° Departure runway end links

F ‘ 11 Runway crossing links

14 Exit taxiway location

15 Holding areas

1§ Airline gatas

17 General aviation basing areas

€. AIC Procsdures

b ) 18 Aircraft separations
' 19 Route data
; 20 Two-way path data

2l Common approach paths
22 Vectoring delays

23 Departure runway queue control
14 Gata hold control

2S5 Departure airspacs constraints '
2§ Ceparturs queue
27 FRunway crossing delay contzol

d. Aircraft Ocerational Characteristics
28 Exit taxiway utilization

29 Arrival zuaway ocsupancy times

310 Touch-and-go runway occupancy times

31 Departures runway occupancy times
| 32 Taxi speeds

33 Approach speeds

34 Gate service tinmes

35 Alrspace travel times

36 Aunway crossing times
37 Lateness distribution
38 Oemand Revise runway utilization
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' Experiment Number: 70 ( Input changes from experiment number 68 )
l SIMULATION MODEL INPUT DESCRIPTION OF INPUT CHANGE
. 4. Logistigs

Title

Random aumber sseds

Scart and finish times

Airline namss

Procassing optioas

Truncation limits

1
2
3
4 Princ options
3
§
?
9

Tima switch

|- 18 u.:téold. P!\!l!slé Charactaristics .

9 Airfield network

10 Number of runvays

11 munway identification

12 Departure runway end links Revise to reflect proper runways
13 Ruaway crossing links Revise to reflect proper runways
14 Exit taxivay location Revige to reflect proper runways

18 Holding areas

1§ Airline gates

17 General aviation basing areas

€. AIC Procedures

—————————————
' 18 Aircraft separations

19 Routs data

20 Two-wvay path data

1l Common approach paths

22 Vectoring delays

1] Departurs runway qusue coatrol

24 Gace hold control

15 Departure airspacs constraints

16 Departurs queus

27 hunway crossing delay control J.

4. M ¢ _Overa A% stics
28 Exit taxiway utilization Revise to reflect proper runways
29 Arrival ruaway accupancy tibpes Revise to reflect proper runways

1@ Touch~and~gc sunway occupancy timas

31 Departure runway occupascy timss

12 Taxa speeds

33 Approach speeds

14 Gate service times

18 Alrspacs :travel times

36 Runway crossiag times

37 Laceness distribution

38 Desand Reassign runways
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‘ Experiment Number: 71 ( Input changes from experiment number_ 10 )

SIMULATION MODEL INPUT DESCRIPTION OF INPUT CHANGE

a. Logistics
1 Ticle

2 Random number seeds
1 Start and finisk tiras
4 Princ cptions
3
§
?
L}

Alrline naxes -
Processing optiocas

Truncation limits
Tize switch \|

b. Airfield Phvsical Characteristics
9 Aizfield network
10 Number of runways
1l Runway identification
12 Departure zunway end links
13 Runway crossing links
14 Exit taxiway location
15 Holding areas
16 Airline gates %
17 General aviation basing areas

€. ATC Procedures

: 18 Aircraft separations Revise to reflect independent arrival streams
19 Route data
20 Two-way path data
2l Common approach paths

22 Vectoring delays

23 OSeparturs runway gqueus contzol
24 Gate hold conerol

2S5 Depar=ure airspace constraints
26 Departure queue

27 Runway crossing delay coatrol

d. Aircraft Ooerational Characteristics
28 Exit taxivay utilization
29 Arzival ruaway occupancy timas

30 Touch-and-go runway occupancy timaes

11 Ceparturs runway occupancy timas
32 Taxi speeds

33 Approach speeds

34 Gate servics times

[ 1S Airspace travel times

16 Ruaway crossing times

317 Lateness disetribution
l 38 Cemand Revise runway utilization i




Experiment Number: 72 ( Input changes from experiment number 9 )

17

SIMULATION MODEL INPUT

DESCRIPTION OF INPUT CHANGE

a. logistdi
q <3

Title

Randonr number seeds

Start and finish times

Print options

Wl deJrajagr

Alrline namas

Procassing options

Truncation limits

C AR E]

Time switch

B. Airfield Physical Characteristics

Aizfield network

0

Number of runwayvs

11

Runway identification

12

Departure runway eand links

1

Runway crossing links

14

Exit taxiway locaticn

15

Holding areas

15

Airline gatss

17

Genezal aviation basing areas

S. ATC Procedures

' 13

Aizcraft separacions

Revise to reflect dependency between Z5_an v

19

Routs data

20

Twa-way path data

21

Common approach paths -

22

Vectoring delays

23

Ceparture runway queue contxol

24

Gata hold control

3]

Departure airspacs constraints

26

Ceparturs qusue

27

Runway crossing delay control

a8

d. Adirczaft Ocerational Charactsristics
e

Exit taxiway utilization

29

Arrival runway occupancy times

30

Touch~and~go runway occupancy timas

31

Ceparture runway occupancy tircas

32

Taxi speeds

Approach sveeds

Gate service timas

Aizspace travel =inas

Runway crossing c=imes

Lateness distribution

Reduce general aviation demand 50%




Telephone: (415) 347-9521
December 22, 1978

Mr. Ray Fowler, AEM-100
Faderal Aviation Administration
800 Independence Avenue
Washington, D.C. 20591

Re: Delays to Aircraft at Denver with 2-1/2 Mile
Separations

Dear Ray:

In response to your request, PMMsCo. has conducted two addi-
. tional annual delay model experiments No. 35A and S6A for
Stapleton International Airport. The experiments were
performed with 1990 demand, with intermediate term separa-
tions defined in PAA-EM-78-78A, and with and without the
Denver 1990 airfield improvement package.

The results are given in the following tabulation which also
presents results from other experiments for comparison.

Experiment Adxfield Average Alrorafs
No, ATC Scenario Improvesents Delay (Minutes)
38 Today (3) None 4.8 h
S6A Mntermediate (2-1/2) None 2.5
56 Far (2) None 1.2
57 Today (3) 1990 0.8
S3A Intermediate (2-1/2) 1990 0.5
ss Far (2) 1990 0.4

Please let me know if you have anY comments on these experi-
ments and also if you would like these results incorporated
into the Denver final report.

Sincerely,

Stephen L. M. Hockaday

Manager
SLMH/sq becec: D. Maddison
H. Fan
cc: Mr., J. R. Dupres, ALG-312 S. L. M. Hockaday
Mr. A. Haines (MITRE)




Telephone: (415) 347-9521

Maxrch 1, 1979

Mr. Mike Scott (ATF-4)

Federal Aviation Administration
800 Independence Avenue, S.W.
washington, D.C. 20591

Subject: Revised Baseline Values
Dear Mike:

Enclosed are revised values of baseline (1978) annual delay
requested by the Stapleton Task Force. These values reflect
Task Force concerns on (i) arrival operations on Runway 25;
(1i) departure constraints due to airspace conflicts; and
{(iii) delays due to metering rates and runway use changes.
The output also provides information on arrival and depar-
ture delays in addition to average delays.

These revised values respond to Task Force concerns about

the annual delay values., PMM&Co. plans to meet with members
of the Stapleton Task Force on March 8, 1979, to review these
values. If you have any questions or comments, please let us
know.

Sincerely,

Henxy Fan

Senior Consultant
HF/nlm
Enclosure

ce: Mr. J. Dupree, ALG~312 (w/0 encl)
Mr. F. Jaeger, FAA~RM Reglon (w/encl)
Mr. K. Mountjoy, UAL (w/encl)

becec: TF Proj Den (w/encl)
S. L. M. Hockaday (w/encl)

(Addressee w/o0 encl)




SUMMARY OF BASELINE ANNUAL DELAY EXPERIMENT

Annual Demand:' 512,500
Annual Delay: 24,243 hours
Average Aircraft Delay: 2.8 minutes

Average peak~hour delays for arrivals on 25, 26L, 26R, and
departures on 35L, 35R:

Average Peak-Hour Delays (minutes)a
VFR IFR
Depar- Depar-
Arrivals tures Average Arrivals tures Average

Averags Day,

Peak Month 3.2 0.4 2.1 60+ 60+ 60+
Peak Day,

Peak Month 3.5 0.4 2.3 60+ 60+ 60+
Low Day,

Low Month 1.9 0.3 1.2 42.8 24.3 33.8

A.

Note that dalays are averages for both commercial and general aviation
aircraft. Therefore, air carrier average delays can be expected to be
higher. For example, peak-hour air carrier arrival delays for an
average day peak month may be close to 5 mintues compared to an average
of 3.2 minutes for all arrival ocperations.
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Telephone: (415) 347-9521
March 12, 1979

Mr. Mike Scott (ATP-4)

Federal Aviation Administration
800 Independence Avenue, S.W.
Washington, D.C. 20591

Subject: Baseline Rﬁnway Capacities for Denver Stapleton
. International Airport

Dear Mike:

In response to a request of the Stapleton Task Force during
our meeting on March 92, 1979, enclosed are baseline (1978)
runway capacity values. We will be preparing runway capa-
cities and annual delay values for the remaining nine (9)
annual delay experiments in the near future. We are currently
planning to present the results to tha Stapleton Task Force

in their April 12, 1979 meeting. If you have any questions

or comments, please let us know.

Sinceraly,

Henry Fan
Senior Consultant

HP/nbe
Enclosura

cc: Mr. J. Dupree, ALG~312 (w/o encl.)

Mr. P. Jaager, FAA~RM Region (w/encl.)
Mr. K. Mountjoy, UAL (w/encl.)

becc: TFD Proj. Den (w/encl.)’
. S. L. M. Hockaday (w/encl.)

(addressee without enclosure)

e e i b bk a




Baseline (1978) Runway Capacities

Denver Stapleton International Airport

Hourly Runway Capacity at 50% Arrivals

Runway

Use Arrivals Departures
25, 26L/R 35L/R
35R 35L
17L/R 7, 8L/R
25, 26L/R 26 L/R
8L/R 35L/R
17L/R 17L/R
8L/R 7, 8L/R

a.

Configuration rarely used under
not computed.

VFR1 VFR2 IFR1 IFR2

150 135 63 63

95 95 63 59
125 117 63 60
102 - - -
130 121 63 63

90 - - -

- 116 - -

this weather condition, capacity




Telephone: (415) 347-9521
February 2, 1973

“r, Philip LaRochelle, AE!~100
Federal Aviation Administration
800 Independence Avesnue, S.W.
Washington, D.C. 20591

L Re: Preliminary Delay Analysis for
Stapleton International Airport

Dear Phil:
Attached are the results of our preliminary delay analysis

to assess the impact of the closure, during part of 1978,
of Runway 8R-26L at Stapleton International Airvort.

It should be pointed out to all concerned that these rasults
are both preliminary because they have not bozen reviewed or
accepted by the Stapleton Task Force, and aporoximate, because
they are derived from simplified "Handbook tyne" analysis
techniques and not from airfiesld simulation model runs.

Sincerely vours,

Stephen L. !. Hockaday
lanacer

SL.iH/jc

Tnclosures

. Jaeger (AR=4)
“r. 5. ©. Duvree (ALG-~312)




Attachment

R Uy S

Preliminary Delay Analysis for
Stapleton International Airport

The preliminary analysis developed approximate estimates of
increases in daily and peak~-hour delays to aircraft due to

the closure of Runway 8R-26L., Delay increases were developed
for VFR 1 weather conditions, for three different demand levels:

o Average daily traffic August 1977%

o Average dally traffic April-November 1977
{(which corresponds to a 14% decrease)

(o} Average daily traffic in August 1977 plus
103

Delays were developed for three different runway uses that include
closure of Runway 8R-26L:

Runway Use Arrivals Departures
Ax® 25, 26R 351, 35=%
B 17%n, 17R 17L, 172
c 8L, 171, 172 7, 3L, 17n, 17R

Delays were also devaloved for a bkaseline case that includes
operations on Runway 8R2-26L (arrivals on 25, 25L, and 25R, ani
departures on 351 and 35R). The delay incre=ases shown in
Table 1 were developed by subtracting baseline delays from the
delays computed for the thres runway uses A, B, and C, with
Runway 33-26L closure.

L *Thirteen hours 8:00 a.m. through 9:170 p.m.
: **During arrival peak periods, Runways 17L and 172 are also
L 1sed for arrivals with no Jderarturz on=arations on

™

Runways 15T and 253,

I TR T
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